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Vascular endothelial cells are unique for their multifunctional nature. 
They regulate immune responses, control blood coagulation states, serve as an 
interface adjusting blood-tissue permeability, contribute to angiogenesis and 
vessel repair, and modulate vascular tone. 
In the cardiovascular system, one of the key regulatory roles played by 
endothelial cells is the production of several potent vasoactive agents. 
Elevation of intracellular calcium is a crucial early signal that leads to the 
production/release of vasodilators from vascular endothelial cells. Both 
intracellular Ca^ "^  release and extracellular Ca^ "^  influx could contribute to the 
calcium rise. For Ca^ "^  influx, it is believed that the store-operated calcium 
influx, where Ca^ "^  influx is specifically controlled by the filling state of the 
intracellular Ca^ "^  stores, is the major Ca^ "^  influx pathway. However, the 
molecular identity of store-operated calcium channel remains obscure. 
A steadily increasing number of data suggest that Drosophila 
photoreceptor Trp gene might encode the store-operated C a � . channel. Up to 
now, seven 7V/?-related genes have been identified in a variety of human 
tissues. To examine the expression of these TTp-related genes in human 
vascular endothelial cells, specific primers were designed based on the 
published Trp sequences in GeneBank. With the use of RT-PCR, we have 
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detected the existence of six subtypes of Trp gene in human coronary artery 
endothelial cells. These include Trpl, Trp3’ Trp4, Trp5，Trp6 and Trp7 
channels. In situ hybridization of blood vessel sections with antisense probes 
for Trpl Trp3, Trp4, Trp5, Trp6 and Trp7 RNA yielded labeling in both large 
and small vessels. Areas labeled include the endothelium layer and the smooth 
muscle cells. The co-expression of different subtype of Trp mRNA in a single 
cell type suggests that these subtypes may form heteromultimers in human 
vascular tissues. 
In addition, we have also investigated the expression pattern of one 
specific Trp gene, Trp5, in various human tissues by using Northern blot 
analysis. A transcript of about 4.4kb is found to be highly expressed in heart, 
skeletal muscle, kidney and pancreas; to a lesser extend expressed in liver and 
placenta; and only a weakly expressed in brain and lung. Besides, another 












編碼出受躬庫所調控的躬通道(Store-operated Ca2+ influx)的蛋白。到目前 




存在六種如基因。這些基因分別爲Trpl，Trp3, Trp4, Trp5, Trp6和如7。 
除此之外，在人類血管切片之原位性染交實驗中，我們利用反義的Trpl, 













Chapterl ： Introduction 
Chapter 1: Introduction 
1.1 Calcium Signaling 
1.1.1 Importance of Calcium to Life Forms 
Calcium is essential for cell growth and survival. It is a crucial regulator of many 
physiological processes, and a variety of stimuli produce their cellular effects by 
regulating the cytosolic free calcium concentration. 
Cytosolic calcium is a major second messenger in virtually every cell throughout 
all life forms. The first direct evidence that calcium can function as an intracellular 
mediator came from an experiment done in 1947. The experiment showed that 
intracellular injection of a small amount of calcium caused a skeletal muscle cell to 
contract. So the importance of cell calcium to the normal function of life has been 
recognized for decades. (Alberts, B. ed) 
Cell calcium regulates key processes like gene expression, secretion, contraction 
and cellular metabolism. In eukaryotes, calcium from the extracellular space enters 
the cell through various types of calcium channels as well as the sodium-calcium 
exchanger. Besides, calcium can also be released from internal calcium stores through 
inositol trisphosphate receptor or ryanodine receptors and is taken up into these 
organelles by means of calcium pumps. The calcium release from intracellular store is 
usually transient, but for many processes like release of hormones, contraction of 
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blood vessels, gene transcription, a sustained increase in cytosolic calcium is required, 
and therefore, calcium influx into the cell is crucial. 
1.1.2 Calcium Channels in Excitable and Non-excitable Cells 
Two pathways of calcium signaling have been well defined. One pathway 
mainly exists in electrically active (excitable) cells such as neurons, muscle, and 
endocrine cells; while the other pathway is present in almost all eucaryotic cells, but 
it is particularly important in non-excitable such as cells of the immune system, 
endothelial cells lining the blood vessels, epithelial cells in the respiratory and 
digestive tracts, hepatocytes of liver, etc. 
In excitable cells, voltage gated calcium channels are present and they are 
responsible for most of the calcium influx pathway. It has been particularly well 
studied in nerve cells, in which depolarization of the plasma membrane causes an 
influx of calcium into the nerve terminal, initiating the secretion of neurotransmitters. 
Calcium enters through voltage-gated calcium channels that open when the plasma 
membrane of the nerve terminal is depolarized by an invading action potential. 
There are at least five known types of voltage-gated calcium channels named as 
L-, T-, N-, P- and Q-type voltage-gated calcium channels. All of them have been well 
characterized on the basis of their single-channel conductance, voltage dependence, 
pharmacological profile and molecular biology. (Alberts, B. ed) 
In non-excitable cells, voltage-gated calcium channels are not expressed, 
6 
Chapterl ： Introduction 
calcium enters the cell through a non voltage-dependent way which is less well 
characterized. Although numerous calcium entry mechanisms have been postulated, it 
has now been widely accepted that capacitative calcium entry or now referred as 
store-operated calcium entry (will be discussed in the later section) is the main 
pathway of calcium entry in these cells. (Parekh et al., 1997) 
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1.2 Vascular Endothelial Cells 
1.2.1 General Functions 
Vascular endothelial cells (ECs) are present in each and every vessel. It lines as a 
continuous layer on the luminal surface of all blood vessels forming an interface 
between flowing blood and vascular tissue. Endothelium appears to be a unique tissue 
that it not only responds to numerous hormonal and physical stimuli, but also senses 
changes in physical parameters such as shear stress, and as a result, producing 
mediators that modulate the responses of numerous cells, including vascular smooth 
muscle, platelets and leukocytes. In fact, the endothelium plays important roles in 
regulating vascular tone in large and small vessels, hemostasis, cellular proliferation, 
inflammation and immunity. 
Regarding the function of endothelial cells in regulating vascular tone, 
endothelial cells communicate with the neighboring smooth muscle cells and regulate 
vascular tone by synthesizing and releasing vasoactive compounds such as endothelin, 
prostaglandins, endothelium-derived relaxing factor (EDRF), and 
endothelium-derived hyper-polarizing factor (EDHF). 
The intracellular signal that links systemic or local external stimuli to the 
synthesis and release of EDRF and prostaglandins appears to be the level of free 
cytosolic calcium. When cytosolic calcium concentration increases, 
calcium-dependent enzyme such as nitric oxide synthase is activated. Upon activation, 
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nitric oxide synthase mediates production of nitric oxide by deamination of the amino 
acid arginine and thus nitric oxide concentration is increased. Nitric oxide then 
diffuses out of the endothelial cells and passes directly into the neighboring smooth 
muscle cells and causes smooth muscle cells to relax, thus resulting in vessel dilation. 
1.2.2 Calcium signaling in Endothelial Cells 
Since endothelial dysfunction has been implicated in many cardiovascular 
diseases, and most endothelial functions depend to various extents on changes in 
cytosolic calcium concentration, therefore, detailed knowledge of intracellular 
calcium homeostasis is essential for our understanding of the physiology, 
pathophysiology and pharmacology of endothelial cells. (Tran et al., 2000; Himmel et 
al.，1993) 
In endothelial cells, intracellular calcium level can be adjusted by releasing 
calcium from the internal calcium store or by calcium influx from the extracellular 
space through calcium permeable channels. Since endothelial cell is one type of 
non-excitable cells in which voltage-gated calcium channels are not expressed, 
calcium entry pathways in these cells have been a contentious issue in the past. Until 
relatively recently, there has been a growing awareness that store-operated calcium 
entry might be a central pathway of calcium entry in endothelial cells. 
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1.3 Capacitative Calcium Entry (CCE) or Store-operated 
Calcium Entry (SOC) 
1.3.1 Definition 
Store-operated Ca^ "^  entry is broadly defined as a form of calcium entry regulated 
by the filling state of the internal calcium stores (situated in the endoplasmic 
reticulum, ER). When the calcium store was depleted, calcium channels located on 
the plasma membrane would be activated and that allowed entry of calcium from 
extracellular space to refill the depleted calcium store. This form of store-operated 
calcium entry could be imagined as a capacitor in an electrical circuit, the calcium 
stores prevent calcium entry when they were charged up but immediately began to 
promote calcium entry as soon as the stored calcium was discharged. Therefore, 
store-operated calcium entry also termed as capacitative calcium entry (CCE). 
1.3.2 Endoplasmic Reticulum (ER) as the Main Intracellular 
Calcium Stores 
The ER is the main calcium stores in non-muscle cells and controls many 
cellular functions. In endothelial cells, the ER accounts for approximately 75% of the 
total intracellular calcium reserve. It is extending like a net over the entire cytoplasm, 
the ER is in virtually immediate exposure to any intracellular calcium signals or 
calcium releasing factors. Calcium ATPase, a major membrane protein of the ER is 
responsible for pumping calcium into the ER lumen. 
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1.3.3 Types of Experiments leading to the Identification of SOCs 
In 1982, Putney and his colleagues observed that when lacrimal acinar cells were 
treated with acetylcholine (Ach) in the absence of extracellular calcium in order to 
release calcium from intracellular store, then treated with an Ach antagonist to block 
the action of Ach, a substantial inflow of calcium was observed when calcium was 
added extracellularly. This calcium inflow was indistinguishable from and not 
additive to that induced by the agonist, it was dependent on the prior release of 
calcium from internal calcium stores and took place when where was no blocking by 
antagonists to the agonists receptor. Thus, it was concluded that a decrease in calcium 
content in the internal stores could initiate activation of plasma membrane calcium 
entry. (Barritt et al.，1999) 
1.3.4 Emptying the Internal Calcium Store 
There are a great variety of stimuli such as normal agonists or pharmacological 
agents that are capable of depleting the intracellular calcium stores. Examples of 
these stimuli include calcium-mobilizing agonists, calcium-mobilizing second 
messenger inositol 1,4,5-trisphosphate (IP3), the calcium ionophore ionomycin, 
SERCA inhibitors or a simple incubation of cells in calcium free conditions. 
1.3.4.1 Inhibition of Calcium ATPase 
The discovery of thapsigargin (TG) or cyclopiazonic acid (CPA), compounds 
that inhibit calcium ATPase has provided additional evidence for the phenomenon of 
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s o c . When this pump is inhibited, calcium then leaks out from the stores due to large 
concentration difference. 
Treatment of cells with TG in the absence of extracellular calcium inhibits 
sacro/endo-plasmic reticulum calcium ATPase (SERCA). As a result, calcium is 
released from internal calcium stores and the increase in intracellular calcium 
concentration is then able to stimulate calcium entry by an unknown pathway if 
extracellular calcium is added back to the cells. This evidence supports the notion that 
the calcium entry from the extracellular spaces due to the depletion of internal 
calcium store and thus confirms the theory that SOC is governed by the filling stare 
of internal calcium store. 
1.3.4.2 IP3 Triggered Release of Calcium 
Our body cannot produce compounds like thapsigargin, physiologically, calcium 
stores are depleted by agonists that are present in our body such as ATP, acetylcholine, 
epidermal growth factor, etc. 
Agonists such as bradykinin, angiotensin II, serotonin and acetylcholine, when 
occupying their specific receptors on the cell membrane, initiated chains of events 
including the formation of lipid-derived second messenger IP3. It had been recognized 
for many years that intracellular calcium signaling hinged on the production of IP3. 
IP3 mobilized the calcium in stores by binding to and opening the IP3 receptor/channel 
complex of the endoplasmic reticulum or sacroplasmic reticulum. (Thomas et al.’ 
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1998) 
It is now understood that IP3 generation can be initiated through stimulation of 
the class of G protein-couple receptors that activate phospholipase C-|3 (PLC-P). 
When PLC-P is activated, it hydrolyses the lipid precursor 
phosphatidylinositol-4,5-biphosphate (PIP2) to yield IP3 and diacylglycerol (DAG). 
On the other hand, growth factor such as platelet-derived growth factor, epidermal 
growth factor or antigens bind to tyrosine kinase-linked receptors, which activates 
phospholipase C-y (PLC-y). Activated PLC-丫 subsequently hydrolyses PIP2 to yield 
IP3 and DAG just like PLC-P. In both cases, IP3 formed was able to release calcium 
from internal calcium stores by binding to IP3 -gated calcium release channels in the 
endoplasmic reticulum membrane, which then in turns activates SOC through a 
pathway not clearly understood yet. (Tran et al., 2000 and Thomas et al., 1998) 
(Figure 1.1) 
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Figure 1.1 Activation of SOC by agonists and by SERCA inhibitors. Receptor 
pathways leading to IP3 production and activate the SOC. The figure summarizes the 
point of convergence for two receptor themes at PIP2 hydrolysis by specific PLC 
isoforms. Receptors belonging to the seven transmembrane class stimulate PIP2 
hydrolysis via G protein coupling and activation of the PLC-P isoform. In contrast, 
receptors linked to tyrosine kinase, when activated, also stimulate PIP2 hydrolysis 
using the PLC-丫 isoform. The production of IP3 leads to depletion of internal calcium 
store as IP3 sits on its receptor located on the membrane of internal calcium stores. 
Besides, SERCA inhibitors, by deactivating the calcium pump, also lead to depletion 
of internal calcium stores. Emptying of calcium content in the calcium stores then 
initiates the opening of the SOC located on the plasma membrane via a unknown 
pathway. 
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Furthermore, in endothelial cells, blood flow-induced forces such as shear 
stress, stretch also stimulate biphasic and self-subsiding IP3 production in endothelial 
cells. (Iran et al., 2000) 
Therefore, IP3 could be formed in 3 pathways: a G protein-coupled pathway, a 
tyrosine kinase-linked pathway, and a mechanical stimuli-induced pathway. IP3 
formed then depletes the internal calcium store which then activates 
calcium-permeable channel located on the plasma membrane. 
1.3.5 Store-operated Calcium Current, ICRAC 
If depletion of stores activates calcium influx, one would expect to measure this 
as a current flowing across the plasma membrane. The use of patch-clamp technique 
allows the identification in lymphocytes and mast cells of plasma-membrane calcium 
channels that can be opened by manipulations inducing the release of calcium from 
the ER. (Parekh et al., 1997, and Barritt et al” 1999) These channels are called 
calcium-release-activated calcium channels (CRAC) and the current carried by ions 
moving through them is termed calcium release-activated calcium current ( ICRAC)-
As of now, ICRAC is the best-characterized store-operated calcium current. It had 
some distinctive characteristics, including a very low unitary conductance ( � 2 0 
femtoSiemens), a high specificity for calcium over other cations, the ability to 
conduct calcium better than barium (a selectivity order of Ca^^ > > Mn^^). 
(Parekh et al 1997) 
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1.3.6 Different Types of SOCs in Animal Cells 
Although it is clear that ICRAC behaved as SOC, it might only represent one 
subtype of SOCs, because there is a large variation in characteristics observed for 
SOCs measured in different tissues. The majority of these SOCs have been detected 
by measuring changes in intracellular calcium in the presence of a SERCA inhibitor. 
Channels with the characteristics of ICRAC have so far only been detected in 
lymphocytes and mast cells. (Barritt et al., 1999) However, application of patch 
clamp technique to a number of other cell types has allowed the detection of other 
types of SOCs with characteristics similar to, but not identical with the classical 
CRACs. Some of these putative SOCs are selective for bivalent cations but exhibit a 
higher single-channel conductance, some have different specificity for cations 
compared with that of CRACs, and some are non-selective cations channels. Until 
now, the concept of SOCs has been well documented by fura 2 and 
electrophysiological data, but the molecular identity of these channels and their mode 
of regulation have not been clearly identified. 
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1.4 Transient Receptor Potential {Trp) Gene & Transient 
Receptor Potential Like {Trpl) Gene in Drosophila 
1.4.1 Discoverery of Trp and Trpl 
The stored-operated calcium channel has not been well characterized by 
molecular biology techniques and nothing is known about the structural components 
of the channel that determine gating and selectivity. However, the best candidates of 
SOC to date seem to be the members of the TRP gene family. Trp gene was first 
discovered from Drosophila where it plays a role in Drosophila s visual signal 
transduction. 
In Drosophila, light stimulation of photoreceptor cells initiates a cascade of 
events involving activation of phospholipase C, then an increase in IP3 production, 
followed by mobilization of intracellular calcium and an opening of cation-selective 
ion channels in the plasma membrane, causing an inward cationic current that 
generates the so-called receptor potential. This receptor potential has two components: 
an initial rapid depolarization due to a Na+ current and, if light is maintained, a 
smaller but sustained depolarization that arises from a current carried by both Na+ and 
Ca"^. In the transient receptor potential mutant (Trp), stimulation with intense light 
causes only the initial transient current, and the slow sustained inward current is 
absent. 
Molecular cloning of the Drosophila Trp gene (Montell et al., 1989) and the 
17 
Chapterl ： Introduction 
related protein Trpl (Phillips et al.，1992) revealed some amino acid sequence 
homology to voltage-gated Ca^ "" channels. Hydrophobicity plots suggested six 
transmembrane-spanning regions as observed for voltage-dependent Na+ and Ca^^ 
channels. Strongest homology was found in the S5-S6 linker region that constitutes 
the channel pore, but the putative S4 region that was thought to be responsible for 
voltage sensing in the voltage-gated channels, was not conserved in Trp and TrpVs S4 
region. This led to the speculation that Trp and Trpl might encode for a new type of 
ion channel that is not sensitive to voltage. Besides, in the N-terminal of Trp and Trpl, 
ankyrin-like domains are found, while in the C-terminal, calmodulin-binding sites are 




Figure 1.2 Topologies of the pore-forming subunits of Drosophila TRP calcium 
channel. S1-S6, representing the transmembrane segments; A, ankyrin-like motif; Cal, 
calmoduln-binding sites. 
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It has been suggested that ankyrin-like repeat motifs of the Trp and Trpl 
proteins likewise interact with another protein, perhaps to activate the channels. 
However, it is also possible that this motif acts like ankyrin itself, binding the Trp and 
Trpl gene products to the proteins of particular regions of the cell, then regulating the 
channel's activities. The calmodulin-binding sites present can function as a 
multipurpose intracellular calcium receptor, mediating many calcium regulated 
processed. In fact, this structure of Trp channel is characteristic for most of the Trp 
homologues found in other species. 
1.4.2 Expression Studies of Drosophila Trp and Trpl 
1.4.2.1 Trp and Trpl form Channels but only Trp is Store Operated 
Further research works done by Schilling and co-workers demonstrated that 
when Trp and Trpl were separately expressed in insect Sf9 cells, Trp caused 
store-depletion that activated calcium selective conductance while Trpl caused a 
non-selective cation conductance which is insensitive to store-depletion induced by 
thapsigargin. (Vaca et al., 1994, Hu et al , 1994, and Montell et al., 1997). It was then 
observed that Trp and Trpl differed largely in their carboxy-terminal tail; Trp 
contained a long, proline-rich tail that was completely absent in Trpl. It was thus 
speculated that this proline-rich segment might confer the selectivity to thapsigargin. 
To confirm this hypothesis, chimeras between Trp and Trpl were constructed, when 
the carboxyl-tail of Trp was replaced with that from Trpl, the Trp chimera was no 
longer sensitive to thapsigargin, but thapsigargin sensitivity was conferred onto Trpl 
where it contained the carboxyl-tail of Trp. It was therefore proposed that sensitivity 
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to thapsigargin-induced calcium store depletion resided in the carboxyl-terminal tail. 
(Sinkins et al., 1996) Supportive evidence of Drosophila Trp as SOC also came from 
expression of Drosophila Trp in Xenopus Oocytes which led to significant increase in 
calcium entry when intracellular calcium stores were depleted by thapsigargin. 
(Petersen et al., 1995) 
1.4.2.2 Co-expression Studies of Trp and Trpl 
Because both Trp and Trpl are expressed in Drosophila, it is possible that these 
two proteins may interact to form heteromultimeric ion channel. In fact, it is reported 
that coexpressing Drosophila Trp and Trpl in Xenopus oocytes synergistically 
enhanced the endogenous calcium activated chloride current and produced a divalent 
inward current. Both of these currents were activated by calcium store depletion. 
However, this store-operated divalent current is neither observed in native oocytes 
nor in oocytes expressing either Trp or Trpl alone. This data suggested that a 
cooperative action of Trp and Trpl is efficiently coupled to the endogenous calcium 
store-depletion signal. The synergistic activity of Trp and Trpl in the production of the 
depletion-activated current suggested that these proteins interact with each other. 
(Gillo et al., 1996) 
Echoing this, it is reported that coexpression of Trp and Trpl in 293 T cells led to 
a store-operated, outwardly rectifying current distinct from the current produced by 
either Trp or Trpl alone, this again suggested that the two proteins interact directly, 
and the TVp-rrpZ-dependent current was mediated by heteromultimeric association 
between these two subunits. (Xu et al., 1997) 
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1.5 Molecular Cloning and Expression of Mammalian Trp 
Homologues 
1.5.1 Seven Human Homologus of Trp were found 
Discovery of Trp and Trpl and its possible role as a store-operated calcium 
channel resulted in a hunt for similar proteins in vertebrates and the results were soon 
very positive. In Homo sapiens, seven TRP homologues are found and more may be 
discovered in the future. However, the identified human Trp2 most probably is a 
pseudogene because the open reading frames of human Trp2 contains multiple 
premature stop codons. (Wissenbach et al” 1998) Although human TRP genes belong 
to the same family, its mRNA sequences do not share high degree of homology. 
(Table 1.1) 
HTrp2 HTrp3 HTrp4 HTrpS HTrp6 HTrp7 
HTrp l 49.8% 45.8% 54.9% 54.5% 46.8% 42.3% 
HTrp2 49% 50.7% 57.4% 53.2% 49.4% 
HTrp3 46.5% 48.7% 67.7% 43.3% 
HTrp4 65.2% 48.4% 44.5% 
HTrpS 45.3% 44.1% 
HTrp6 42.9% 
Table 1.1: Degree of Homology between Subtypes of Human Trps 
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A phylogenetic tree could also be generated according to the amino acid 
sequences of the transmembrane cores of Drosophila and mammalian Trp family. 
(Figure 1.3) It is observed that Trp3, Trp6, Trp7 and Trp4, Trp5 are more closely 
related to each other. Trpc7 referred to a separate member of Trp family we discussed 
here, its amino acid sequence is more close to that of the counter part of Melastatin 












Figure 1.3 A phylogenetic tree could also be generated according to the amino acid 
sequences of the transmembrane cores of Drosophila and mammalian Trp family. 
(Hofmann et al. 2000) 
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1.5.2 Expression Pattern of mammalian Trp Homologues in 
Different Tissues 
Several laboratories reported the expression of multiple Trp homologues in a 
variety of mammalian tissues and cells including both excitable and non-excitable 
cells by Northern analysis, RT-PCR and in situ hybridization. (Table 1.2) 
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Subtype Species Method Tissue Distribution Reference 
Trpl Human M T N Heart, brain, testis, ovary, intestine wes et ai.’ 1995 
M T N U b i q u i t o u s zhu et ai.，1995 
RT-PCR Umbil ical vein and pulmonary Croschner et ai., 1998 
arterial endothelial cells Moore et ai.，i998 
Cattle RT-PCR Aortic endothelial cells chang et ai.，1997 
Rat RT-PCR Ubiquitous Gardaetai., 1997 
RT-PCR Heart, brain, kidney, intestine, adrenal Mizuno et ai.’ 1999 
gland 
Trp2 Cattle M T N Testis, liver, spleen wissenbach etai., 1998 
ISH Late spermatogenic cells wissenbach et ai., 1998 
Mouse M T N Testis, cerebrum, cerebellum, heart vannier et ai., 1999 
Rat ISH Vomeronasal organ sensory epithelium Hofmann et ai.’ 2000 
I 
TrpS Human M T N Brain zhuetai.’ 19% 
Mouse ISH Cerebellum Purkinje cells Hofmann et ai.’ 2000 
M T N Brain Hofmann et al., 2000 
Rat RT-PCR Ubiquitous Garcia et ai.’ 1997 
RT-PCR Cerebellum, midbrain, olfactory bulb, Mizuno et ai.’ 1999 
cortex 
Cattle RT-PCR Aortic endothelial cells chang et ai.’ 1997 
I I I 
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Trp4 Human M T N Heart, pancreas, placenta Mckay et ai.’ 2000 
RT-PCR Ubiquitous Groschner et al.，1998 
Mckay et al.，2000 
Cattle M T N Adrenal gland, testis, retina, heart, Phiiipp et ai., 19% 
brain 
RT-PCR Aortic endothelial cells chang et ai.’ 1997 
Garcia et al., 1997 
Mouse M T N Cerebrum, adrenal gland, cerebellum, Hofmann et ai.’ 2000 
ubiquitous 
ISH Dentate gyms granule cells, cal Hofmann et ai.，2000 
pyramidal neurons, cortex 
Rat RT-PCR Olfactory bulb, hippocampus, cortex Mizunoetai., 1999 
Cerebrum, nodose ganglion, testis, 
RT-PCR ovary, heart, lung Garcia et ai., 1997 
Trp5 H u m a n M T N Different regions of brain Sossey-Aiaoui et ai., 1999 
Mouse M T N Brain okadaetai., 1998 
RT-PCR Brain, testis, kidney, uterus okada et ai., i998 
R a t RT-PCR Cerebrum, cerebellum, ovary , adrenal Garcia etai., 1997 
gland, testis, nodose ganglion, kidney 
Rabbit M T N Brain Phiiipp et ai., i998 
Cattle RT-PCR Aortic endothelial cells Garcia et ai., 1997 
I I I ^ I 
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Trp6 Human MTN Lung, placenta, ovary, spleen, Hofmann et ai., 2000 
ubiquitous 
Mouse M T N Lung, brain Bouiay et ai., 1997 
ISH Portal vein smooth muscle inoue et ai., 2001 
Rat RT-PCR Lung, cerebrum, ovary, ubiquitous Garcia etai., 1997 
RT-PCR Cerebral cortex, hippocampus, heart, Mizuno et ai., 1999 
kidney, adrenal gland 
ISH Dentate gyms granule cells, cerebral Mizuno et ai., 1999 
cortical neurons 
Cattle RT-PCR Aortic endothelial cells Garcia et ai.，1997 
Trp7 Mouse MTN Heart, lung, eye, hindbrain, spleen, okadaet ai., 1999 
testis 
ISH Cerebellar Purkinje cells, olfactory okada et ai., 1999 
bulb, hippocampus 
务Trp7 Human MTN Fetal and adult brains and different Nagamine et ai., i998 
regions of adult brain 
Table 1.2 Tissue distribution of TRP channels (MTN multiple tissue northern blotting, 
RT-PCR reverse tmscriptase polymerase chain reaction, ISH in situ hybridization) 
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1.5.3 Expression Studies of Mammalian Trp Homologues Yields 
Contradictory Results 
Records of successful cloning of Trp homologues in human, mouse, rat, rabbit, 
bovine and Xenopus were numerous. Structures of these Trp proteins, based on their 
putative amino acid sequence, have been predicted and found to share the common 
structural features to that of Drosophila Trp and Trpl, including 6 transmembrane 
spanning regions and ankyrin repeats in the N-terminal region. 
However, results obtained from the expression of the different Trp homologues 
in heterologous expression systems revealed no clear consensus regarding the 
function of these homologues. A few of the proteins function as nonselective cation 
channel while the rest function as calcium channels, some activated by agonists while 
others activated by store depletion. In cases where the protein does function as an 
SOC, the current never matches exactly with ICRAC, the most characteristic 
capacitative current. In the following, literature review on the results from expression 
studies of the Trp homologues is summarized. 
L53.1 Trpl 
Molecular cloning of Trp homologue from Xenopus revealed sequence and 
structure homology close to mammalian Trpl protein. (Bobanovic et al., 1999) 
Because the endogenous store-operated calcium entry into Xenopus oocytes was 
substantially inhibited by injection of rat Trpl antisense oligonucleotides (Tomita et 
al., 1998)，it was thus suggested that XTrp might underlie store-operated calcium 
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entry in Xenopus tissues. 
Molecular cloning of human Trpl (Zhu et al., 1995) from human kidney 
embryonic cells and the subsequent transfection and expression in C0S-M6 cells 
showed that hTrpl increase calcium influx after agonist (carbachol)-induced 
depletion of calcium stores. (Zhu et. al. 1996) At the same period of time, Zitt et al. 
reported the identification of a splice variant of hTrpl, named Trpcla from human 
fetal brain cDNA library. Expression of Trpcla in Chinese Hamster Ovary (CHO) 
cells induced nonselective cation current. The currents were activated by intracellular 
infusion of IP3 or treatment of thapsigargin. Expression of Trpcla. significantly 
enhances increases in the intracellular free calcium concentration induced by calcium 
re-addition after prolonged depletion, suggesting that Trpcla encodes a calcium 
permeable cation channel activated by depletion of intracellular calcium stores. (Zitt 
et al., 1996) 
1.5.3.2 Trp2 
Expression studies done on mouse Trpl transfected C0S-M6 showed that Trpl 
was readily activated not only after stimulation with an agonist but also by store 
depletion in the absence of an agonist, i.e. truly activated by the depletion of the 
internal store. This result suggested that Trp proteins were subunits of store- and 
receptor-operated calcium channels. (Vannier et al., 1999) 
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1.5.3.3 Trp3 
For human Trp3, conflicting reports regarding its function were raised. Some 
studies favor it to be a store-operated calcium channel, while more recent results 
showed it to conduct non-capacitative calcium current. 
Kiselyov et al. demonstrated that Trp3 single channels were activated by 
store-depletion and that this process involved a functional coupling of Trp3 with the 
IP3 receptor. (Kiselyov et al., 1998) But Ma et. al utilizing the same Trp3-expressing 
cell line used by Kiselyov et. al. concluded that Trp3 activation involves interaction 
with an IPS receptor, but found no evidence for its activation by calcium store 
depletion. (Ma et al., 2000) Functional expression of human Trp3 in COS-M6 cells 
increase calcium after carbachol-induced or thapsigargin-induced depletion of 
calcium stores suggested that Trp3 was subunits of store-operated calcium channel. 
(Zitt et al., 1996) However, from the same group of people, they, after two years, 
reported that human embryonic kidney (HEK-293) cells stably expressing hTrpS 
caused an increase of calcium under basal and agonist-stimulated conditions, but it is 
not sensitive to store-depletion achieved by TG treatment and seems to depend 
primarily on the activation of phospholipase C activation. (Zhu et al., 1998) 
Besides, Li et al. reported that Trp3 functioned as a PLC-activated channel in the 
brain (Li et al., 1999) and Hurst et. al. demonstrated that when stably expressed in 
HEK-293 cells, hTrp3 formed ion channels that were active under resting conditions 
but could be further stimulated by carbachol or ATP. (Hurst et al , 1998) Further, 
human Trp3 from human brain cDNA libraries, when expressed in Chinese Hamster 
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Ovary (CHO) cells produced cation currents with little selectivity for calcium over 
sodium. These currents were reported to be constitutively active, but not enhanced by 
depletion of calcium stores with IPS or thapsigargin. (Zitt et al., 1997) Most recently, 
Putney also demonstrated that transient expression of hTrp3 in HEK-293 cells 
resulted in a bivalent cation influx that was markedly increased by PLC-linked 
receptor activation, but not by thapsigargin. 
1.5.3.4 Trp4 
Expression studies of Trp4 is also contradictory. Bovine Trp4 was activated in 
response to store-depletion by both thapsigargin and IP3 when expressed in HEK-293 
cells. (Philipp et al., 1996) Similarly, the rat Trp4 homologue, when expressed in 
Xenopus oocytes, enhanced the thapsigargin-induced calcium entry, as assessed by 
monitoring calcium-activated chloride currents. (Tomita et al., 1998) However, it is 
reported that Trp4, obtained from screening human kidney cDNA library, when 
transfected into HEK-293 cells, neither enhanced barium entry (as a surrogate marker 
for calcium) after activation of phoosholipase C-linked receptor nor after intracellular 
calcium store depletion with thapsigargin although it could apparently function as 
cation channels. (Mckay et al., 2000) Another report also showed that mouse Trp4, 
when expressed in HEK-293 cells enhanced G-protein-coupled receptors or receptor 
tyrosine kinases induced Mn^ "^  entry, but depletion of intracellular calcium stores 
failed to activate mouse Trp4. (Schaefer et al., 2000) 
30 
Chapterl ： Introduction 
1.5.3.5 Trp5 
In the case of Trp5, Rabbit Trp5, reported to be activated by 
thapsigargin-induced store depletion. (Philipp et al., 1998) However, another 
laboratory had reported that mouse Trp5 is a receptor (ATP)-operated channel but 
there was no significant coorelation between thapsigargin induced calcium release 
from the internal calcium store and influx of extracellular calcium. (Okada et al., 
1998) Besides, it is reported that mouse Trp5 is also receptor- activated but not 
store-depletion activated. (Schaefer et al., 2000) 
1.5.3.6 Trp6 
Transient expression of mouse Trp6 in COS-M6 cells increase calcium entry 
induced by carbachol, but calcium entry induced by thapsigargin was similar in COS 
cells transfected with or without the mouse Trp6. (Boulay et al., 1997) Similarly, it 
was reported that CHO-Kl cells expressing human Trp6 could not induce calcium 
entry after depletion of internal stores by thapsigargin, but cations entry could be 
activated by G protein coupled receptor agonist histamine. (Hofmann et al., 1999) 
However, report had also shown that rat Trp6, when expressed in COS cells, revealed 
an increase in store-operated calcium entry when compared to the control cells. 
(Mizuno et al., 1999) 
1.5.3.7 Trp7 
The only one report of expression studies on Trp7 had shown that mouse Trp7 
expression in HEK-293 cells did not affect capacitative calcium entry induced by 
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thapsigargin. 
1.5.3.8 Activation of Trp3，Trp6 and Trp7 by Diacylglycerol (DAG) 
During the past two years, there were reports demonstrated that apart from 
agonists or SERCA inhibitor induced calcium entry, some of the Trp homologues 
showed to be activated by diacylglycerols, which is a second product of 
phospholipase C activity. 
It was reported that hTrp3 and the structurally highly similar hTrp6, when 
expressed in CHO-Kl cells, could be activated by the membrane-permeable DAG 
analogues 1 -oleoyl-2-acetyl-sn-glycerol (OAG) or 1,2-dioctanoly-sn-glycerol (DOG), 
but the control cells were simply unresponsive. Another publication also reported that 
hTrpl and hTrp3 expression gave rise to an OAG-activated conductance. 
(Lintschinger et al., 2000) Recently, it was reported that murine Trp6 expressing cells 
were activated by OAG or DOG (Inoue et a., 2001) and mouse Trp7 expressing cells 
were also activated by OAG. (Okada et al., 1999) 
According to the available data, the activation of Trp channels could thus be 
summarized in the following figure. (Figure 1.4) 
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Figure 1.4 Activation of Trp channels by receptor induced IP3 and SERCA inhibitors. 
IP3 production coupling and activation of the PLC-P and PLC-丫 isoforms or SERCA 
inhibition lead to depletion of internal calcium store and activate the Trp channels 
located on the plasma membrane via a unknown pathway. Besides, Trp3, Trp6 and 
Trp7 channels can be activated by DAG. (Harteneck et al., 2000) 
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1.5.3.9 Functional Consequence after Co-expression of Trp Homologues 
By analogy with voltage-operated calcium channels, if mammalian Trp proteins 
form calcium channels, it would require four units to form a channel. It was thought 
that physiologically these channels are heteromeric and that these heteromeric 
complexes behave differently compared to the homomers obtained when the protein 
was expressed in experimental systems. In fact, a report had demonstrated that 
coassembly of Drosophila Trp and Trpl produced a distinct store-operated 
conductance, (Xu et al., 1997). Therefore, in an attempt to investigate the functional 
consequences of co-expression, co-expression studies of Trp homologues had been 
done. 
There was one report showing that co-expression of Trpl plus Trp3 resulted in 
unusually high level of basal activity. Trpl/Trp 3 co-expressing cells suppressed 
carbachol-induced calcium entry when compared with Trp3 expression alone, and it 
abolished OAG (1 -oleoyl-2-acetyl-5'^-glycerol) -induced cation entry. It is thus 
suggested that co-assembly of Trpl and Trp3 resulted in the formation of oligomeric 
Trp channels that were subjected to regulation by phospholipase C and calcium and 
the distinguished calcium sensitivity of the Trpl/Trp3 hetero-oligomers appeared to 
limit 7rp-mediated calcium signals and may be of importance for negative feedback 
control of Trp function in mammalian cells, (Lintschinger et al., 2000). However, 
there was also a report of co-transfection of rat Trp3 and rat Trp6 cells had no 
measurable effect on the increase in intracellular calcium level after intracellular 
calcium store depletion when compared to individual transfection of Trp3 or Trp6. 
(Mizuno et al., 1999) 
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1.5.3.10Antisense Strategy to Determine the Functional Subunits of 
Store-operated Channels 
Characterization of Trp proteins as components of store-operated channels was a 
challenge because their activity needed to be determined in intact cells and 
recognized in a background of existing endogenous store-operated cation channels. 
Apart from expressing full-length Trp cDNAs in a mammalian cell and test whether 
they would increase calcium-activated entry by store depletion, a second approach of 
testing whether expression of partial cDNAs of several members of Trp family in 
antisense direction would interfere with store-operated calcium entry was also 
applied. 
Actually, there were reports demonstrating that antisense Trp homologues 
inhibited the endogenous store-operated calcium entry, strongly suggesting that 
store-operated channels were composed of Trp subunits. It was reported that six 
Trp-related genes were present in the mouse genome, and expression in L cells of 
small portions of these genes in antisense orientation suppressed store-operated 
calcium entry. (Zhu et al., 1996) Transfection of human submandibular gland cell line 
with antisense Trpl cDNA significantly attenuated store-operated calcium entry. (Liu 
et al., 2000) 
Besides, transfection of bovine adrenal cortex cells with TrpA antisense cDNA 
reduces both the endogenous store-depletion activated calcium entry as well as the 
amount of endogenously expressed Trp4 protein. (Philipp et al., 2000) Furthermore, 
treatment of primary cultured portal vein myocytes with Trp6 antisense 
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oligonucleotides resulted in marked inhibition of Trp6 protein immunoreactivity as 
well as selective suppression of receptor-activated cation current and barium influx. 
(Inoue et al., 2001) 
1.5.3.11 Possible Reasons for the Contradictory Results of Trp 
Homologues When Expressed in a Heterologous System 
The disparities between the expression results in the literature may imply a more 
complex regulation of TRP channel function than initially anticipated. Possible 
complicating factors include interactions of the TRP protein being investigated with 
other signaling proteins, such as multimerization with other TRP family members or 
with the endogenous SOCs to from channels with altered properties. Besides, the use 
of different clones and different expression system and different experimental 
conditions by different laboratories are possible causes of disparities. And it should 
also be reminded that physiological modes of regulation of TRP proteins might not 
always be revealed from their behavior following exogenous over-expression. 
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1.6 Aims Of the Present Study 
We are particularly interested in the roles of Trp genes in human vascular system, 
especially the vascular endothelial cells. As the first step, we attempt to determine the 
existence as well as the cellular localization of Trp mRNA in different vascular 
tissues. Therefore, the overall aim of the present investigation is to examine the 
expression pattern of Trp channels in human vascular system, using the technique of 
RT-PCR, in situ hybridization and Northern blot analysis. 
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Chapter 2. Materials and Methods 
2.1 Cell Culture 
Coronary Artery Endothelial Cell line, HCAEC 5286 was purchased from Bio 
Whittaker, USA. The cells were cultured in a 25 cm^ culture flask (Costar). They 
were grown in EGM-MV medium in a humidified atmosphere with temperature set at 
37�C and constant CO2 (5%) supplied. Culture medium was changed every two days 
until the cells became approximately 80-100% confluent. 
In order to get enough quantity of cells for RNA extraction, confluent cells 
were subculture into 4 new culture flasks by the method described as follow: culture 
medium was removed and the cells were washed with phosphate buffer saline. 2 ml 
PBS solution containing Trypsin (0.25% V/V) was added to the culture flask and the 
flask was allowed to sit at room temperature for a few minutes until most of the cells 
detached from the bottom of the flask. To stop the reaction, equal volume of fresh 
medium was added to the detached cells and the mixture was transferred to a clean 15 
ml conical tube (Falcon) and was spin down to form a cell pellet. The pellet was 
resuspended in 4 ml fresh culture medium and 2 ml of the cell suspension was 
dispersed to new T75 culture flasks containing 13 ml of fresh medium. The cells were 
grown again until confluence. 
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2.2 Total RNA extraction from HCAEC 5286 
Total RNA was extracted from HCAEC 5286 using acid guanidinium 
thiocyanate method. Briefly, 10 ml of Solution 2 (42.7g guanidinium thiocyanate; 
3.57 ml 0.7 M Na-citrate pH 7; 5 ml 10% sarcosyl; DEPC water to a final volume of 
100 ml plus 0.72 ml P-mercaptoethanoL) was added to each T75 flask for several 
minutes to harvest the cells. The samples were collected in 50 ml conical tubes. To 
each conical tube, 1 ml of 2 M Na-acetate at pH4, 10 ml phenol and 2 ml cholorform 
was added one by one and was mixed well before the addition of the next reagent. 
The cell mixtures were centrifuged at 3400 RPM for 30 minutes at 4°C and the upper 
aqueous phase was collected carefully and was put into a new clean 50 ml conical 
tube. 10 ml absolute isopropanol was added to the agueous phase and the mixture was 
incubated at -20�C for 1 hour to precipitate the RNA. 
After incubation, RNA pellet was formed by centrifuged the reaction mixture 
at 3400 RPM for 30 minutes at 4�C. The pellet was then resuspended by piptting ups 
and downs in 2 ml 4M LiCl. The insoluble RNA pellet was again centrifuged at 3400 
RPM at 4°C for 10 minutes to wash the pellet. The RNA was resuspended 
completelyin TE Plus solution (50 |il 2 M Tris; 20 |il 0.5 M EDTA; 250 |il 20% SDS; 
9.43 ml DEPC water). 
2 ml chloroform was then added to the resuspended RNA, mixed well and the 
mixture was centrifuged at 3400 RPM for 10 minutes. The upper layer solution was 
carefully transferred to a 1.5 ml Eppendorf tubes. 0.1 volume 2 M Na-acetate and 2.5 
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volume absolute isopropanol were added to the 1.5 ml Eppendorf tubes containing the 
RNA. The precipitation reaction was proceeded by incubating the mixtures at -20�C 
for 1 hour time. The RNA was pelleted by microcentrifuge at maximum speed at 4°C 
for 30 minutes and the pellet was wash once with 70% isopropanol. The washed 
pellet was again centrifuged for 10 minutes and the supernatant was removed and the 
pellet was air-dried. The RNA pellet was finally resuspended in 20 |il DEPC water 
and stored at -20°C until use. 
1 |il of the total RNA was taken out for running the RNA agarose gel to check 
whether it was degraded. Estimation on RNA quantity was made by comparing the 
sample to known concentration RNA ladders. 
2.3 Reverse Transcription from Cultured Human Coronary 
Artery Endothelial Cell Line HCAEC 5286 
TTTV/T 
First strand cDNA was generated using the SuperScript reverse 
transcriptase (Gibcol BRL) and oligo-dT primers (Gibcol BRL). Briefly, an extract of 
total RNA (2 from HCAEC 5286 and 0.1 M Oligo dT were denatured at 72°C for 
10 minutes and then chilled on ice immediately. SuperScript™ reverse transcriptase 
(1 jil) was added to the RNA together with 5X first strand buffer and 10 mM dNTPs 
(Gibcol BRL) to a total volume of 20 |iL Reverse transcription was performed at 42°C 
for 50 minutes, followed by a final extension time of 15 minutes at 72°C. The cDNA 
was then stored at -20°C until use. 
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2.4 Polymerase Chain Reaction (PCR) of Partial Trp Gene 
Fragments 
PCR were performed with Taq DNA polymerase (Gibcol BRL). Primers (Life 
Technology) used for amplification of partial human Trp gene fragment were 
designed based on the sequence of published human Trp gene in the GeneBank 
database. The corresponding accession number, primers sequence, location and size 
of the amplified products were listed in Table 2.1. 
Location [Size 
HTrpl U31110 Forward: 5'ttctgtggattattgggatga3' 2018-2522 505bp 
Reverse: 5 ‘cagaacaaagcaaagcaggtgS ‘ | 
HTrp3 Forward: 5‘ atgctgcttttaccactgtaS ‘ 1985-2356 372bp 
Reverse: 5‘tccttctgcatttgggaaagS ‘ 
HTrp4 AF175406 Forward: 5 ‘ ggcggacttcaggactacatS ‘ 1501-1999 499bp 
Reverse: 5‘gctgtgctttgacattggtcS ‘ 
Forward: 5‘ctctcaagaaactgggtctcctattcS‘ 3440-3764 丨 325bp 
I 
Reverse: 5‘ gtttcaaatacatcctctgaggagtc3 ‘ i — 
Forward: 5‘ ggcaaaacaaatgaagcc3 ‘ 2409-2917 509bp 
！ ‘ 
Reverse: 5‘cccaacctgttttttgtcaaS ‘ ij [ 
HTrp7 NM-003307.1 Forward: 5'ctgatgaagaaggcagcctt3' 3011-3565 | 555bp 
Reverse: 5‘cagcaggatgttggtgaagaS‘ ^^| — 
Table 2.1: Primers used for the PCR reaction of trp homologous and the size of 
fragments amplified. 
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The PCR reaction mixture contained 2 |ll first strand cDNA, IX PCR buffer, 
1.5 mM MgCl2, 0.2 mM of each dATP, dCTP, dGTP, dTTP, 1.0 |iM primers and 1 
unit Taq DNA polymerase (Gibco-BRL), the final volume of the reaction was 
adjusted to 100 |il by autoclaved double distilled water. Reaction mixtures were 
heated to 95°C for 5 minutes to completely denature the template before adding Taq 
polymerase. 
PCR reactions were performed in a Robocycler (Stratagene) for 50 cycles and 
the conditions were shown in Table 2.2. Upon completion of PCR, the reaction 
mixture were kept at -20°C until use. 
Denaturation Primers Annealing Extension 
HTrpl 94�C 1 min 58°C 1 min 72�C 1 min 
HTrp3 94�C 1 min 57�C 1 min 72�C 1 min 
HTrp4 94�C 1 min 58�C 1 min 72�C 1 min 
HTrpS 941： 1 min 52°C 1 min 12V 1 min 
HTrp6 94�C 1 min 50�C 1 min 72�C 1 min 
HTrp7 94°C 1 min 58°C 1 min 72°C 1 min 
Table 2.2: PCR cycling conditions of trp homologues. 
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2.5 Separation and Purification of PCR Products 
2.5.1 Separation 
PCR products were separated on 1% agarose gel (Gibcol BRL) containing 
ethidium bromide in TAB buffer (40mM Tris, 20inM Na Acetate, ImM EDTA, pH 
7.4) by electrophoresis. PCR products were visualized under UV light and bands of 
correct sized, as determined by comparison with DNA molecular weight markers 
(Gibco BRL) were cut out by ordinary razor blade. 
2.5.2 Purification 
DNA excised from the agarose gel was purified by GeneClean II Kit (Bio 
101) according to the manufacturer's protocol. Briefly, 1ml of sodium iodide solution 
was added to the agarose gel with DNA band and incubate at 55°C until the gel was 
dissolved completely. 5 \il of GLASSMILK suspension from the GeneClean Kit was 
then added to the above mixture solution and the reaction mixture was kept on ice 
with constant agitation for about 20 minutes to allow DNA binding to the 
GLASSMILK beads. The reaction was terminated by a brief centrifugation to 
separate the GLASSMILK. The supernatant was then discarded and the pellet was 
washed 3 times with "New Wash Solution" supplied together with kit. The washed 
pellet was re-suspended in 20 |il autoclaved double distilled water and was incubated 
at 55°C for 10 minutes. Finally the GLASSMILK beads were spun down for 1 
minutes and the supernatant containing the eluted DNA was collected and stored at 
-20°C until use. 
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2.6 Confirmation of PGR Products 
The identities of the amplified and purified PGR products were verified by 
automatic sequencing reactions using ABI-PRISM DNA Sequencing kit (PERKIN 
ELMER) in an ABI PRISM ™ DNA sequencing system (Advanced ABI 310 Genetic 
Analyzer, PERKIN ELMER) according to the manufacturer's protocols. 
The sequencing mixture contained 50 ng PGR product, 3.2 pmole of primer 
(either upstream or downstream), 8 \i\ Terminator Ready Reaction Mix (PE Bio 
Systems) and the final volume was adjusted to 20 |il by autoclaved double distilled 
water. Reaction was carried out in a DNA Thermal Cycler for 25 cycles under the 
following conditions: 96°C for 1 minute, melting temperature of the primer used for 
1 minute and 60°C for 4 minutes. Upon reaction completion, the reaction mixture 
was precipitated by 2 volumes of absolute ethanol and 0.1 volume of 0.5 M sodium 
acetate at pH 5.4 at -70°C for half an hour and pelleted by maximum centrifugation 
at 4�C for 20 minutes and wash in 70% ethanol. After last trace of ethanol was 
evaporated, the pellet (DNA) was dissolved in 20 jol autoclaved double distilled water. 
Equal volume of TSR buffer supplied together with the sequencing kit was added to 
the dissolved DNA and the mixture was mixed and incubated at 95°C 3 minutes and 
was chilled on ice immediately for 2 minutes. Finally, the content was analyzed using 
an automated DNA sequencer. 
The sequencing data obtained were submitted to the BLAST Sequence 
Similarity Search (NCBI, National Center for Biotechnology Information; 
44 
Chapter2: Materials and Methods 
http://www.ncbi.nlm.nih.gov/BLAST) to confirm whether the PCR-amplified 
products are part of the Trp family or not. 
2.7 Molecular Cloning of Trp Gene Family 
2.7.1 Cloning of HTrpl, HTrp3，HTrp4，HTrp5，HTrp6，HTrp7 
PCR-amplified and -purified (mentioned in the above content) partial fragments 
of all the Trp homologues were ligated into pPCR-Script Amp SK(+) plasmid by 
using PCR-Script™ Amp Cloning Kit (Stratagene) according to the manufacturer's 
protocols. (Figure 2.1) 
45 
Chapter2: Materials and Methods 
T4 DNA Lipase ^^^^^^^^^^^^^^^^^^^^^ 
Cloning Vector \ \ HTrp DNA J \ \ HTrp DNA / / 
\ \ (Predigestedby_ J / \ V 乂 J \ X ^ 乂 J 
5' 3' 3' 5' T7 
T3 P r o m o t e r ^ " ^ T7 Promoter 
Region I Region • 
I • Transformation 
^ ― f—Z N 等 
5' 3' O ^^^^^^^^^^^^^^^^^^^^^^^ 
Cells containing ^ - ^ I ^ T Q 
皿 insert 0 \ 
/ ( ) o 
f 〇 
/ o O / 
r ^ Y j P J 
( © I A f o / 
Cells containing f Z X . ^ 
plasmid with insert 厂 
V ； Amp-LB Agar Plate with White 
& Blue Bacterial Colonies 
Figure 2.1: Schematic diagram showing ligating the target HTrp fragment 
into the predigested cloning vector and transforming the resulting ligation 
mixture into competent cells. After transformation, blue and white 
bacterial colonies would form in which blue colonies represented the 
bacterial clone without the insert when ligation reaction failed and white 
colonies represented the bacterial clone ligated with the insert. Note that 
the insert could be ligated to the vector by two orientations. 
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2.7.1.1 Polishing the Purified PGR Products 
PGR fragments were polished in order to create the blunt ends needed to 
improve overall cloning efficiency. In each of the polishing reaction mixture, 1 mM 
dNTP mix, IX polishing buffer and 0.5 U of cloned Pfu DNA polymerase were added 
orderly to the each of 0.5 ml Eppendorf tube containd the RTrp DNA and the final 
volume was adjusted to 10 |il by autoclaved double distilled water. The reaction 
mixture was incubated for 30 minutes at 72�C. The polished PGR products were 
stored a t -20�C until use. 
2.7.1.2 Determination of the Amount of Polished PGR Products 
1/10 portion of each of the polished Trp PCR DNA was run on ethidium 
bromide stained agarose gel. The concentrations of the polished Trp DNA were 
estimated by comparison with known concentration DNA molecular weight markers. 
The amount of polished Trp PCR DNA needed for cloning ranged from 
Insert-to-Vector molar ration of 40:1 to 100:1. By using the formula below: 
(# of bp of PCR product)(10ng of cloning vector) 
X ng of PCR product = 
2691 bp of cloning vector 
where X is the quantity of PCR product required for a 1:1 insert-to-vector molar ratio. 
Amount of polished PCR products required for the ligation reaction was determined 
as shown in Table 2.3. 
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Trp fragments Quantity used for cloning (ng) 
HTrp 1 68.2-170.6 
HTrp3 50.3-125.6 
HTrp 4 67.4-168.5 
HTrp 5 44-109.8 
HTrp 6 68.8-171.9 
HTrp 7 75-187.4 
Table 2.3: Amount of Polished PGR products needed for the ligation reaction 
2.7.1.3 Inserting the PGR Products into the pPCR-Script Amp 
SK(+)Cloning Vector (Ligation) 
The ligation reaction mixture contained lOng pPCR-Script Amp SK(+) 
cloning vector, IX PCR-Script reaction buffer, 0.5 mM rATP, PGR product (H7>/? 
fragment) amount listed in Table 2.3, 5 \J of Stfl restriction enzyme, 4 U T4 DNA 
ligase and the final volume was adjusted to lOfil by autoclaved double distilled water. 
The ligation reactions were carried out for 1 hour at room temperature and stopped by 
heating the reaction mixture at 65。C for 10 minutes. The ligation reactions were 
stored on ice before transformed into DH5a competent cell. 
2.7.1.4 Transformation 
Transformation was performed according to the standard protocol. Briefly, 3 
|il of ligation reaction mixture was added to 100 |il of DH5a competent cell. The 
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mixture was swirled gently and incubated on ice for 30 minutes for the plasmid DNA 
attached to the cell surface of the competent cells. The mixture was heat shocked at 
42�C for 40 seconds to allow the plasmids to enter the host cell and then chilled on 
ice immediately for 2 minutes. Thereafter, the competent cells and plasmids mixture 
were incubated in 1ml LB medium at 37°C for 1 hour with shaking at 225-250 RPM 
to allow cells grow. The LB medium was then centrifuged for 5 minutes to pellet the 
cell. The cell pellet was dissolved in 100 i^l LB medium. 40 |il of 2% X-gal and 4 i^l 
of IPTG (200 mg/ml) were added to the resuspended cells in order to allow 
blue-white color screening. The final transformation mixture was spread evenly on a 
pre-warm agar plate with amplicilin concentration of 50 |ig/ml. The plates were 
incubated overnight at 37�C to allow colonies grow. For negative control experiment, 
an empty amplicillin agar plate was co-incubated with the transformed plates. 
2.7.1.5 Preparing Glycerol Stocks Containing the Bacterial Clones 
Several white colonies were picked from each of the overnight-cultured 
transformed plates by sterilized pipette tips. Each colony was grown in 10 ml 
Amp-LB medium at 37°C overnight with shaking at 250 rpm to allow the grow of 
bacteria containing the plasmids. In the other day, 500 of each of overnight culture 
bacterial clone was pipette out and transferred to a sterile 1.5 ml tube containing 
equal volume sterile 80% glycerol (Sigma). The mixture was mixed thoroughly and 
kept at 一70�C for permanent storage. 
2.7.1.6 Plasmid DNA Preparation 
The plasmid DNA was extracted from the over night culture bacterial clones 
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by QIAGEN mimi-prep kit according to manufacturer's protocol. Briefly, conical 
tube containing the over night culture bacterial clones were pelleted in a centrifuge 
for about 15 minutes at 300rpm. The medium was discarded and the cell pellet was 
resuspended in 250 pi "Solution 1" with RNase A added, 250^1 "Solution 2" was 
added to the resuspended cell and the mixture was mixed by inverting it ups and 
downs for 6 times, the reaction was left at room temperature for 5 minutes to allow 
alkali denaturation to complete. 350 jil "Solution 3” was then added to the denatured 
cells and the reaction was mixed well by inverting it ups and downs for 6 times for 
neutralization reaction to complete. The neutralized reaction mixture was spin down 
for 10 minutes at maximum speed to pellet the cell debris. The clear solution 
containing the plasmid DNA was run through the spin column by centrifuging it at 
maximum speed for about 1 minute. The flow through was discarded and the column 
containing the plasmid DNA was wash by 750 [xl PE solution and centrifuged twice at 
maximum speed at room temperature for 1 minute to clear away the washing solution. 
To collect the plasmid DNA, 50 \il autoclave double distilled water was added to the 
column and incubated at room temperature for about 1 minute. A clean collecting 
tube was placed under the column and they were then centrifuged at maximum speed 
for 1 minute to collect the flow through, i.e. the plasmid DNA, the plasmid collected 
was kept at -20°C until use. 
2.8.1.7 Clones Confirmation 
a. Restriction Enzyme Digestion 
To check whether the clones contained the target DNA, i.e. HTrp fragments, 
the DNA plasmid was digested by restriction enzymes. (Figure 2.2a and b) First, 
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insert in the cloning vector was released by cutting the plasmid DNA with appropriate 
restriction enzymes that have cutting sites at the vector only. Restriction enzyme 
reaction mixture contained plasmid DNA, 10 U appropriate restriction enzyme(s), IX 
reaction buffer suitable for the selected enzymes to work. The reaction was carried 
out at a temperature that is optimal for the selected enzyme to work for 1 hour. The 
reaction mixture was then separated by electrophoresis on the agarose gel and the size 
of the released fragments was compared with the DNA molecular markers. The uncut 
plsamid DNA was also loaded on the gel as control. 
Clones that could generate fragments with correct size were selected out and 
performed another round of restriction enzyme digestion. The selected clone(s) was 
cut again with other enzyme(s). The enzymes selected must have cutting site(s) in the 
insert and/or the vector. The size of the fragments released was checked again by 
electrophoresis. Clone able to generate fragments with correct size should contain the 
target HTrp fragment. By doing the second restriction enzyme cut, the orientation of 
the clone could also be determined. 
b. Automatic Sequencing 
To further confirm the identity of the clone, automatic sequencing was 
performed and the detail protocol was already described in the above content. 
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Figure 2.2a: Schematic diagrame showing the restriction enzyme digestion strategy to 
check whether the clone contains the insert with correct size or not. 
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Figure 2.2b: Schematic digrame showing the restriction enzyme digestion strategy to 
check whether the clone contain the correct insert or not. Since the insert could be 
ligated to the vector in 2 orientations, so there were 2 types of correct clones with 
different orientation. (RE: restriction enzyme; Frag.: fragment) 
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2.8 In situ Hybridization 
2.8.1 Probe Preparation 
2.8.1.1 Trpl Probe 
Since the PCR amplified HTrpl (505 bp) fragment has significant portion of 
sequence can cross hybridize to other Trp homologues, another new probe of Trpl is 
required. A fragment (HTrplb) corresponding to Trpl DNA sequence from 2018nt to 
3151nt (Accession no. in GeneBAnk: U31110) generated by the strategy of RT-PCR 
by our lab was used to make a new probe for Trpl mRNA. The sequence of the new 
probe would only hybridize to the Trpl mRNA according to the BLAST Search. 
HTrp lb DNA plasmid was digested by restriction enzyme HindUI and EcoRl 
to generate a fragment of 555 base pairs. On the other hand, pBluescript n KS+ 
vector (Gibcol BRL) was also cut by HindUI and EcoRl. The 555 base pair Trpl 
DNA fragment and the cut open vector were isolated by gel electrophoresis and 
purified by GeneClean II Kit. Purified Trpl fragment was ligated to the cut open 
vector and the ligation mixture was transformed into competent cells, glycerol stocks 
of bacterial clones, plasmids purification and clone confirmation were done step by 
step subsequently. (Figure 2.3) 
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Figure 2.3: Schematic diagrame showing the method of constructing new plasmid 
containing HTrpl ‘ DNA suitable to be use as probe in the subsequent in situ 
hybridization. 
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The plasmid DNA template that contained the 555 base pairs HTrpl fragment, 
named HTrpl，was linealized by restriction enzyme Xba I which had one cutting site 
between T7 promoter region and the 5’ end of the insert. The reaction mixture 
contained more than l|ig of plasmid DNA, IX appropriate buffer for Xbal to work, 
lU of Xbal (Gibcol BRL) and the final volume was adjusted to 20 |ll by autoclaved 
double distilled water. After the reaction was completed, 0.1 volume of the digested 
mixture was pipette out and loaded on 0.1% agarose gel to ensure that all plasmids 
had been linealized. The remainding linealized plasmid DNA was extracted once by 
phenol/chloroform and precipitated by method of ethanol precipitation mentioned 
before. 
DIG-RNA labeling reaction was proceeded according to the manufacture's 
protocol. Briefly, 1 |ig of linealized and purifieJ HTrpl, DNA template was added to 
a sterile, RNase-free microfuge tube containing 2 |il of lOX NTP labeling mixture, 2 
III of lOX transcription buffer and 2 |xl of T3 RNA polymerase (Roche). The final 
volume was fi l led up to 20 |Lll by adding DEPC-treated water. The reaction mixture 
was mixed gently and centrifuged briefly to collect all the mixture at the bottom of 
the tube. It was then incubated at 37^C for 2 hours. To remove DNA template in the 
reaction mixture, 2[i\ of DNase I was added and incubated at 37°C for additional 15 
minutes. 2 |il of 0.2 M EDTA was then added to stop the transcription reaction. To 
purify the transcripted and DIG-labelled RNA probes from those reagents, 0.1 
volume of 4 M LiCl, 3 volume of cold 100% ethanol was added to the reaction 
mixture. It was mixed gently and incubated for at -70°C for half an hour. After 
incubation, the tube was centrifuged at 15,000 rpm for 30 minutes at 4�C and the 
RNA pellet was washed by 70% ethanl. The DIG-labelled Trp 1，RNA probe was 
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then dissolved in lOOjil DEPC-treated water with 1 |LI1 of RNase-inhibitor. The probes 
was aliquoted into 5 microfuge tubes each containing 20 |Lll solution and stored at -70 
�C until use. Figure 2.4 
Xbal 
T3 
( ( HTrprClom ) J 
• linearization by Xbal 
T3 RNA Polyn^ase ^ ^ ^ 
Promota" Site ___^  
I , . ~ I 
• In vitro DIG labelled Transcription 
^^B^by T3 polymerase 
DIG-labelled RNA probe Fl3|—4 
against 印 1 
Figure 2.4: Schematic diagram of HTrpl plasmid DNA linearlization and RNA probe 
synthesis by in vitro transcription 
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2.8丄2 Trp3 Probe 
The PCR amplified HTrp3 fragment also has significant portion of sequence 
homologous to other Trp homologues, therefore, a new Trp3 plasmid with sequence 
that did not cross-hybridize to other Trps sequence was generated as described in the 
following. 
We have got a relatively long fragment of Trp3, HTrp3c, which corresponded to 
the 2247th nt to 3198^ nt sequence of human Trp3 sequence, (GeneBank Accession 
no. NM一003305). HTrp3c DNA plasmid containing the 952 base pair fragment was 
cut by restriction enzyme EcoR V. EcoR V had one cutting site at the insert and one 
cutting site at the cloning vector, the released short fragment was thus containing 393 
base pairs Trp3 fragment plus a very short sequence (21 base pair) from the cloning 
vector. This fragment of Trp3 was then purified and ligated to the pBluescript II KS+ 
vector that was cut open by EcoR V and then has 5，phosphate termini removed. 
(Figure 2.5) Ligation, transformation, glycerol stocks preparation, plasmids 
purification and clone confirmation were done subsequently. 
Plasmid DNA template that contained the 393 base pairs Trp3 fragment, 
named HTrpS‘ was linealized by Xba I which had a cutting site between 5' end region 
of HTrp3，and T7 promoter region. DIG-labelled RNA probe was then synthesized by 
the way mentioned in the above text, the RNA polymerase used was T3 RNA 
polymerase. (Figure 2.6) 
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Figure 2.5: Schematic diagram showing the method of constructing a new plasmid 
containing HTrp3' DNA suitable to be used as the probe in the subsequent in situ 
hybridization 
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Figure 2.6: Schematic diagram of HTrp3，plasmid DNA linearlization and RNA 
probe synthesis by in vitro transcription 
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2.8.1.3 Trp4 Probe 
The plasmid DNA template that contained the 499bp HTrp4 fragment was 
linealized by cutting with restriction enzyme Sst\ which has one cutting site between 
T3 promoter region and the 5，end of the insert. DIG-labelled RNA probe was 
synthesized and T7 RNA polymerase was used in this case. (Figure 2.7) 
Sstl 
T3 
"''' '...、 ^ ^ ^ r . • l ^ P “ y : 
( ( HTrp4 Clone ) J 
Linearization by Sstl • 
T7 RNA Polymerase 
Promoter Site 
I - 丨 丨 1 
In vitro DIG labelled Transcription by T7 
polymerase 
DIG-labelled RNA probe| | ^ 
against trp4 
Figure 2.7: Schematic diagram of HTrp4 plasmid DNA linearlization and RNA probe 
synthesis by in vitro transcription. 
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2.8.1.4 7>p5 Probe 
HTrp5 DNA plasmid was linearlized by restriction enzyme EcoR I which had a 
cutting site between the 5' end and T7 promoter region, and the DIG-labelled RNA 
probe was synthesized subsequently and T3 RNA polymerase was used in this case. 
(Figure 2.8) 
EcoRl 
T3 也 T 7 
C f 琴 難 辑 
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T3 RNA Polymerase 
Promoter Site ^ 
^ ^ ^ ^ 膽 妙 < 、 : , 、 ( ： 、 ‘ 、 、 、 響 I 
im In vitro DIG-Labeled Transcription by T3 
^ H polymerase 
DIG -labelled RNA probe _ • ： , , “ �， • • , 
against 吵5 彳 二 " � : � � � ' E H 
Figure 2.8: Schematic diagram of HTrp5 plasmid DNA linearlization and RNA probe 
synthesis by in vitro transcription 
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2.8.1.5 Trp6 Probe 
In order to generate a new Trp6 plasmid with sequence that did not cross 
hybridize to other Trps sequence. The original HTrp6 plasmid containing the 509 base 
pair Trp6 fragment was cut by restriction enzyme Hind III and the released short 
fragment of size 393 base pair was discarded. As a result, there was still a Trp6 
fragment of size 155 base pair left in the vector. This resulting Trp 6 plus vector was 
allowed to re-ligate by T4 DNA ligase as shown in Figure 2.9a. The new clone was 
named as HTrp6'. 
HTrp6' DNA plasmids was linearlized by restriction enzyme Kpn I which had 
a cutting site between the 5' end region of HTrp6' and the T7 promoter region. 
DIG-labelled RNA probe was synthesized then and T3 RNA polymerase was used. 
(Figure 2.9b) 
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Figure 2.9a: Schematic diagram showing the method of constructing new plasmid 
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Figure 2.9b: Schematic diagram of HTrp6，plasmid DNA linearlization and RNA 
probe synthesis by in vitro transcription. 
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2.8.1.6 rrp7 Probe 
HTrp? DNA plasmid was linearlized by restriction enzyme Xho I which had a 
cutting site between the 5' end and T3 promoter region. DIG-labelled RNA probe was 
synthesized and RNA polymerase used was T7 RNA polymerase. (Figure 2.10) 
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against trp5 
Figure 2.10: Schematic diagram of plasmid DNA linearlization and RNA probe 
synthesis by in vitro transcription. 
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2.8.1.7 Control Probe 
The control probe for the in situ experiment was an irrelevant probe cloned by 
our laboratory before. It is a part of sense transcript for a gene named anto-CNGl. 
Based on the gene bank search, this control probe should not hybridize to any known 
gene. The plasmid DNA containing this insert of size 209 base pair was linearlized by 
Not I which had one cutting site between the insert's 5，end region and T7 promoter 
site. DIG-labelled control RNA probe was synthesized by using T3 RNA polymerase. 
2.8.2 Testing of DIG-Labeled RNA Probes 
Before performing in-situ hybridization, testing whether the RNA probes were 
properly DIG-labeled was essential. This was done according to the manufacturer's 
protocol. Briefly, 2 \il of newly synthesized DIG-RNA probe was spotted on a small 
piece of nylon membrane. RNA probe was fixed on the nylon membrane by UV 
cross-linking for 5 minutes. The membrane was washed briefly in maleic acid buffer 
for 5 minutes at room temperature, followed by the incubation of membrane in IX 
blocking solution for 15 minutes. Anti-DIG antibody diluted to 1:1500 folds with IX 
blocking solution was added to the membrane and incubated for 15 minutes. The 
membrane was washed in maleic acid buffer 3 times, 5 minutes each. Then, the 
membrane was washed in buffer 2 for 3 minutes. To detect the desired spots on the 
membrane, color-substrate solution (1 tablet of NBT/BCIP was dissolved in 10 ml of 
DEPC-treated water) was added and incubated at room temperature until color was 
observed. Dark purple spot appeared on the membrane represented that the RNA was 
labeled and could be used for in situ hybridization. 
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2.8.3 Paraffin Sections Preparation 
Paraffin sections of human vascular vessels include coronary artery and 
cerebral artery were provided by Dr. Chen Wing-yee of PWH. All the paraffin blocks 
were prepared by Dr. Chen's lab. Briefly, sections were fixed in 4% 
paraformaldehyde in PBS overnight at 4°C, and then successively incubated for at 
least 30 minutes in 70%, 80%, 90%, 95% and 100% ethanol. The sections were 
then transferred through xylene (20 minutes) and paraffin wax at 60°C (2 changes of 
20 minutes). The sections were then orientated in a plastic module and the wax was 
allowed to set. The set paraffin broths were allow to store at 4�C before sectioning by 
microtome. 
5 )Lim sections were cut on a microtome and mounted on slides subbed with 
3-aminoproylethoxysilane and were allowed to dried at 37�C. The ready-to-use 
sections were stored at 4°C before in situ hybridization. 
2.8.4 In Situ Hybridization: Pretreatment 
Paraffin sections were fixed on the slides by incubating the sections at 60°C 
for 45 minutes, they were then immersed in xylene solution immediately for 10 
minutes twice to wash away the wax. The sections were immersed in 100% ethanol 
for 5 minutes two times and 70% DEPC-treated ethanol for 5 minutes to wash away 
the xylene. The sections were then washed in DEPC-treated water for 5 minutes and 
immersed in DEPC-treated IX PBS for 5 minutes two times at room temperature. 
Proteinase K (Roach), concentration 20 |Xg/ml in 10 mM Tris-HCl, pH7.5 was added 
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to the sections and the sections were incubated at 37°C for 10 minutes. Proteinase K 
treatment would facilitate the penetration of the probe to the tissue during 
hybridization. The enzyme digestion was then stopped and post-fixed by immersing 
the sections in 4% paraformaldehyde (freshly prepared) in PBS for 5 minutes. After 
post-fixation, the sections were washed in DEPC-treated PBS for 5 minutes twice. 
2.8.5 Pre-hybridization, Hybridization and Post-hybridization 
2.8.5.1 Pre-Hybridization 
Before hybridization, sections were prehybridized with prehybridization 
buffer (4X SSC, 5% Dextran Sulfate, IX Denhardt's solution, 2 mM EDTA, 50% 
deionized formamide, 200 |il/ml herring sperm DNA) for at least 2 hours at 48�C • 
2.8.5.2 Hybridization 
Hybridization take place at 52°C overnight with hybridization buffer (4X 
SSC, 10% Dextran Sulfate, IX Denhardt's solution, 5 mM EDTA, 0.1% CHAPS, 
50% deionized formamide, 200 |il/ml herring sperm DNA) containing the 
DIG-labeled probe with concentration of 200 ng/ml. During hybridization, sections 
must be kept in a moisture environment to prevent evaporation of hybridization buffer 
and drying out of the hybridization buffer will result in dark background that is 
difficult to wash away. 
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2.8.5.3 Post-Hybridization 
After hybridization overnight, unbound RNA probe was washed away from 
the sections by stringency wash. Briefly, 2X SSC 4 times for 15 minutes at 42°C, 
0.2X SSC and 0.1% SDS twice for 15 minutes at 42V, and 0.2X SSC twice for 5 
minutes at room temperature. Slides were then undergone colorimetric detection 
procedures. 
2.8.6 Colorimetric Detection of Human Trps mRNA 
Sections were washed in maleic acid buffer for 10 minutes, and then kept in 
IX blocking solution for 30 minutes at room temperature. After blocking, 1:1000 fold 
antidigoxigenin antibody conjugated to alkaline phosphatase (AP) was added to 
sections and incubated for 2 hours at room temperature. 
Unbound antibody was removed by washing sections in washing buffer 
containing 0.05% Tween-20 three times for 30 minutes, follow by washing them in 
maleic acid buffer twice for 5 minutes. The sections were then immersed in detection 
buffer twice with 10 minutes each and color-substrate solution (1 tablet of NBT/BCIP 
+ 10 ml DEPC-treated water) was added to the sections in darkness. A positive signal 
indicated by the purple AP enzymatic reaction product using the substrate nitro-blue 
tetrazolium appeared a few minutes later. Reactions were stopped by immersing 
slides to DEPC-treated water and then covered by coverslide for microscopy. 
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2.9 Northern Hybridization 
2.9.1 Probe Linealization 
HTrp5 DNA plasmid was linearlized by restriction enzyme EcoRI which had a 
cutting site between the 5' end and T7 promoter region. Upon completion of 
restriction enzyme digestion, phenol chloroform extraction followed by ethanol 
precipitation of plasmid DNA was performed in which 1/10 volume of 3M sodium 
acetate and 3 volumes of 100% ethanol was added to the reaction mixture, and the 
reaction tube was put into 一70�C for one hour precipitation. The mixture was 
centrifuged at 13,000 rpm for 30 minutes, and the supernatant was discarded. The 
pellet was washed by 70% ethanol and re-centrifuged for another 15 minustes. 
Supernatant was discarded carefully to avoid any disturbance of the pellet attached on 
the wall of the tube. The pellet was air-dried before dissolving in double distilled 
water. Concentration of the linealized plasmid DNA was estimated by comparing the 
sample to known concentration DNA ladders. 
2.9.2 Labelling of Riboprobe with 
1 lag of linealized DNA template was added with 2 |il of lOX transcription buffer, 
1 jxl of lOmM ATP, lOmM CTP and lOmM GTP respectively (Ambion). Then, 5 ill 
of a-32p UTP (Amersham) and 2 |ll of T3 RNA polymerase with RNase inhibitor 
(Ambion) were added to the reaction mixture. The reaction mixture with total 20 |il 
volume was mixed by gently flicking with finger and then centrifuged briefly to 
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collect all the reaction mixture at the bottom of the tube. It was incubated for 30 
minutes at 37�C. To remove the DNA template from the transcription reaction, 1 |il of 
RNase-free DNase I was added to the reaction, the tube was flicked by fingers and 
was incubated at 37°C for another 15 minutes. 
To terminate the reaction, IjLil of 0.5M EDTA was added to the mixture. Since it 
was impossible for all ribonucleotides to incorporate into the RNA probe, it is 
essential to separate the transcription products from unincorporated labeled 
ribonucleotides. It was done by adding 1/10 volume of 5M ammonium acetate and 3 
volumes of cold ethanol into the reaction mixture, and incubated at -70°C for 30 
minutes for ethanol precipitation of RNA transcript. Then, the mixture was 
centrifuged at 15,000ipm for 30 minutes. The RNA pellet was washed in 70% cold 
ethanol again, and centrifuged for 15 minutes at the same speed. After centrifugation, 
the supernatant was discarded without any disturbance on pellet, and the pellet was 
dried completely in a vacuum centrifuge. The RNA pellet was finally dissolved in 20 
jxl of DEPC-treated water and keep at -70�C before use. (Figure 2.11) 
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Figure 2.11: Schematic diagram of Trp5 clone linealization and in vitro transcription. 
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2.9.3 Prehybridization and Hybridization with Radiolabeled RNA 
Probes 
The total count of 20 |il radiolabeled RNA probe was 3,900，000cpm. Before 
hybridization step, it is necessary to prehybrdize the MTN® Blot (CLONTECH). 
Therefore, the ExpressHyb Solution was warmed at 60°C for 30 minutes. Then, 
MTN® Blot were put into a hybridization bottle together with 10 ml pre-warm 
hybridization buffer and incubated at 60�C for an hour with continuous shaking. 
The hybridization started when 20 |Lll of radiolabeled RNA probe was added into 10 
ml of fresh ExpressHyb Solution. The concentration of radiolabeled RNA probe in 
10ml solution was 390,000 cpm/ml. The hybridization procedure was preceded 
overnight at 65�C with continuous shaking. 
The MTN® Blot were rinsed in wash solution 1 (2XSSC, 0.05%SDS) four times 
at room temperature for total 45 minutes with continuous agitation. Wash solution 1 
was replaced every 15 minutes. Then, the MTN® Blot were rinsed in wash solution 2 
(O.IXSSC, 0.1%SDS) twice, each for 40 minutes at 50�C with continuous shaking. 
After washing, the MTN® Blot was removed from the hybridization bottle with 
forceps, and shaked off excess wash solution. The MTN® Blot was covered with 
plastic and exposed to x-ray film at -70�C with two intensifying screens. 
To remove high background, washing temperature was increased by 5�C for each 
subsequent washing by washing in solution 2. 
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Chapter 3. Results 
3.1 Polymerase Chain Reaction (PCR) of Partial Trp Gene 
Fragments 
To test for the presence of Trp transcripts in human vascular endothelial cells, 
PCRs were employed. Gene specific primers for human isoforms of Trpl, Trp3, 
Trp4, Trp5，Trp6 and Trp7 were designed according to the corresponding human Trp 
sequence published in the GeneBank database. 
50 cycles of PCR yielded distinct amplification products on agarose gel. 
Molecular size for all the amplified PCR products fitted well with expected size 
predicted from Genebank search. (Figure 3.1) Purified PCR products were partially 
sequenced by an automatic sequencer and the results confirmed that all six PCR 
products represent authentic Trp genes (Trpl and Trp3-7). The result of automatic 
sequencing and its corresponding BLAST search for human Trp 6 is shown in 
Figure 3.2 as an example. These data indicate that there are at least 6 subtypes of 
Trp genes {Trpl, Trp3，Trp4, Trp5, Trp6 and TrpT) co-expressed in human coronary 
artery endothelial cells. 
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Figure 3.2 Partial automatic sequencing result of PCR amplified Trp6 fragment. 
76 
Chapters： Results 
3.2 In situ Hybridization Analysis of TRPs mRNA 
Expression in Human Vessels 
PCR analysis described above shows that multiple Trp channels are expressed 
in human coronary artery endothelial cells. In order to further study the expression 
of Trp channels in the vascular system, especially with regard to their cellular 
localization, in situ hybridization was performed. 
Sections from human coronary artery and human cerebral artery together with 
the small vessels nearby were studied with anti-sense riboprobes of Trp genes. The 
riboprobes used to detect Trp channel mRNA are highly specific to their target 
subtype of Trp channel. They do not cross-hybridize to other subtypes of Trp 
channels, since BLAST searches with the probe sequences revealed no similarity to 
any known gene in GeneBank database. The control probe used is an irrelevant 
200bp RNA that is part of sense transcript for a gene named anti-CNGl. Based on 
gene bank search, this control probe should not hybridize to any known gene. 
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3.2.1 Expression of TRPs RNA in Human Coronary Artery 
Human coronary artery is a type of muscular arteries distributing blood to the 
heart. The diameter of the coronary artery of our sample is about 3 mm, It is 
consisted of three layers: the innermost layer tunica intima (TI) which faces the 
lumen, the middle layer tunica media (TM) and the outermost layer tunica adventitia 
(TA). 
The tunica intima is mainly composed of a single layer of endothelial cells (En) 
lining the lumen and various amounts of sub-endothelial connective tissue including 
fibroelastic tissue and some longitudinally disposed smooth muscle cells (SMC). 
The tunica media, which is the thickest layer among the three layers, is 
composed of many layers of circularly arranged smooth muscle cells and 
fibro-elastic connective tissue whose elastic content increases greatly with the size 
of the vessel. 
The tunica adventitia is the outermost layer of the vessel wall, which is usually 
composed of collagenous and elastic tissues, with some longitudinally oriented 
smooth muscle fibers. In coronary artery, the tunica adventitia houses vasa vasomm, 




3.2.1.1 Expression of Trp Transcripts in Tunica Intima and Media 
Hybridization of coronary artery sections with the antisense riboprobes of Trpl, 
Trp3’ Trp4, Trp5, Trp6, Trp7 yielded labeling signals in the layer of tunica intima, 
featured by the endothelial cells, as well as in the tunica media layer, featured by the 
staining of the smooth muscle cells as shown in Figure 3.3a to 3.8a. 
In some sections, continuous layer of endothelial cells could not be found, 
instead, punctate presence of single endothelial cell is observed. This is presumably 
caused by detachment of endothelial layer from the vessels that could easily happen 
during section preparation, pre-hybridization or post-hybridization washing 
processes. A clear staining of endothelial cells is illustrated under 40X magnification 
power in Figure 3.3b to Figure 3.8b. 
In the control experiment using irrelevant riboprobe, no hybridization signal 
was detected as shown in Figure 3.9. These data, in consistent with the result of 
RT-PCR in Figure 3.1, demonstrate that multiple Trp channels are expressed in the 
human coronary artery endothelial cells. 
Apart from endothelial cells, Trp RNAs were also detected in the tunica media. 
Smooth muscle cells in the tunica media, featured by their long and spindle shape, 
were also intensely labeled by the antisense Trp riboprobes, indicating the 
expression of Trpl, Trp3, Trp4, Trp5, Trp6, Trp7 mRNA in smooth muscle cells as 
well. (Figure 3.3 to 3.8) 
In the control experiment, no hybridization signals of smooth muscle cells were 
seen. (Figure 3.9) 
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It should be noted that the hybridization pattern of smooth muscle cells was not 
evenly distributed in some sections. Besides, the shape of some smooth muscle cells 
seems to be changed from the typical long and spindle shape to rather short and 
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Figure 3.3a (Upper panel lOX) & 3.3b (Lower panel 40X) 
Expression of Trpl mRNA in human coronary artery. Note that Trpl mRNA was 
expressed in endothelial cells and smooth muscle cells. 
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Figure 3.4a (Upper panel 20X) & 3.4b (Lower panel 40X) 
Expression of Trpl mRNA in human coronary artery. Note that Trpl mRNA was 
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Figure 3.5a (Upper panel 20X) & :3.5b (Lower panel 40X) 
Expression of Trpl mRNA in human coronary artery. Note that Trpl mRNA was 





Figure 3.6a (Upper panel 20X) & 3.6b (Lower panel 40X) 
Expression of Trpl mRNA in human coronary artery. Note that Trpl mRNA was 
expressed in endothelial cells and smooth muscle cells. 
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Figure 3.7a (Upper panel 20X) & 3.7b (Lower panel 40X) 
Expression of Trpl mRNA in human coronary artery. Note that Trpl mRNA was 
expressed in endothelial cells and smooth muscle cells. 
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Figure 3.8a (Upper panel lOX) & 3.8b (Lower panel 40X) 
Expression of Trpl mRNA in human coronary artery. Note that Trpl mRNA was 




r . 、 痛 
^ \ : 。二“广：,:、“‘奢^^" / 〜’、“：‘力 
. 、 仏 ， ’ 、 “ ’ 、 f > ‘ ‘ 、，ii?减t 
I , : : 炉 f r � . / - . ‘ ‘ 
I 、 ' 气 ^ ^ . TiUI )‘,肩、一〜-‘丨‘‘、， 
I ： 梦 . 样 々 
Figure 3.9 Control experiment using an irrelevant probe to the human coronary 
artery. No hybridization signal was observed. (lOX) 
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3.2.1.2 Expression of Trp Transcripts in the Tunica Adventitia 
The outermost layer, tunica adventitia, houses the small blood vessels: vasa 
vasorum. The diameter of the vasa vasomm in the sections range from 13jim to 
65|im. The expression pattern of Trpl, Trp3，Trp4, Trp5, Trp6, Trp7 mRNA in the 
vasa vasomm was shown in Figure 3.10 to Figure 3.15 
In situ hybridization yielded labeling signals in the endothelial cells lining the 
vasa vasorum. This suggests that Trpl, TrpS, Trp4, Trp5’ Trp6, Trp7 mRNA are 
also expressed in the endothelial layer of the vasa vasorum. 
Some labeling was also observed in numerous structures in the outermost 
tunica adventitia layer as shown in many of the above figures, but we were not able 
to determine the cell origin of these labeled structures. 
In the control experiment, there was no hybridization signal was seen in the 




Figure 3.10 Expression of Trpl mRNA in the tunica adventitia of human coronary 





Figure 3.11 Expression of Trp3 mRNA in the tunica adventitia of human coronary 





Figure 3.12 Expression of Trp4 mRNA in the tunica adventitia of human coronary 





Figure 3.13 Expression of Trp5 mRNA in the tunica adventitia of human coronary 





Figure 3.14 Expression of Trp6 mRNA in the tunica adventitia of human coronary 
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Figure 3.15 Expression of Trp7 mRNA in the tunica adventitia of human coronary 





Figure 3.16 Control experiment using an irrelevant probe to the human coronary 
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Figure 3.17 Another picture showing the control experiment using an irrelevant 
probe to the human coronary artery. No hybridization signal was observed in the 
vasa vasomm. (lOX) 
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3.2.2 Expression of TRPs RNA in Human Cerebral Artery 
Like coronary artery, human cerebral artery is also consisted of three layers: the 
innermost layer of tunica intima facing the lumen, the middle layer of tunica media 
and the outermost layer tunica adventitia. However, the stratification of these three 
layers is not conspicuous due to the relatively smaller size of the cerebral artery 
comparing to coronary artery. The diameter of the main cerebral artery of our 
sample is about 2 mm, and there are some smaller sized cerebral vessels located 
nearby. 
3.2.2.1 Expression of Trp Transcripts in Tunica Intima and Media 
Figure 3.18a to Figure 3.23a showed the hybridization results of antisense 
Trpl, Trp3, Trp4, Trp5, Trp6, Trp7 riboprobes in human cerebral artery. 
Hybridization pattern was similar to that in coronary arteries. Signals were detected 
in endothelial cells as well as in the smooth muscle cells. 
As in the case of coronary artery, some endothelial cells had been destroyed 
during the experimental process, continuous lining of the endothelial cells may not 
be found in many of the figures, but the punctate presence of endothelial cells being 
labeled as shown in Figure 3.18b to Figure 3.23b implied the expression of Trpl, 
TrpS, Trp4, Trp5, Trp6, Trp7 mRNA in cerebral artery's endothelial cells. 
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Figure 3.18a (Upper Panel 20X) & Figure 3.18b (Lower panel 40X) 
Expression of Trpl in human cerebral artery. Note that the endothelial cells and the 
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Figure 3.19a (Upper Panel 20X) & Figure 3.19b (Lower panel 40X) 
Expression of Trp3 in human cerebral artery. Note that the endothelial cells and the 
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Figure 3.20a (Upper Panel 20X) & Figure 3.20b (Lower panel 40X) 
Expression of Trp4 in human cerebral artery. Note that the endothelial cells and the 
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Figure 3.21a (Upper Panel lOX) & Figure 3.21b (Lower panel 40X) 
Expression of Trp5 in human cerebral artery. Note that the endothelial cells and the 
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Figure 3.22a (Upper Panel 20X) & Figure 3.22b (Lower panel 40X) 
Expression of Trp6 in human cerebral artery. Note that the endothelial cells and the 
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Figure 3.23a (Upper Panel 20X) & Figure 3.23b (Lower panel 40X) 
Expression of Trp7 in human cerebral artery. Note that the endothelial cells and the 
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Figure 3.24 Control experiment using an irrelevant probe showed no hybridization 
signal in human cerebral artery. (lOX) 
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Figure 3.25 Control experiment using an irrelevant probe showed no hybridization 
signal in human cerebral artery. (20X) 
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Apart from examining the large size main cerebral artery, expression pattern of 
multiple Trp mRNA was also investigated in smaller-sized cerebral vessels with 
diameter of � 8 0 jum. 
Figure 3.26 to Figure 3.31 showed the results from in situ hybridization using 
different riboprobes targeted to their respective Trp mRNA in the small-sized 
vessels located around the main human cerebral artery. The endothelial cells and the 
smooth muscle cells of these small vessels were strongly stained, indicating the 
presence of Trpl, Trp3，Trp4’ Trp5, Trp6, Trp7 mRNA there. 
In the control experiment using an irrelevant probe, there was no hybridization 




Figure 3.26 Expression of Trpl mRNA in the small sized cerebral artery. Note the 





Figure 3.27 Expression of Trp3 mRNA in the small sized cerebral artery. Note the 




Figure 3.28 Expression of Trp4 mRNA in the small sized cerebral artery. Note the 
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Figure 3.29 Expression of Trp5 mRNA in the small sized cerebral artery. Note the 
expression of the Trp5 mRNA in both the endothelial cells and the smooth muscle 
cells. (20X) 
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Figure 3.30 Expression of Trp6 mRNA in the small sized cerebral artery. Note the 





Figure 3.31 Expression of Trp7 mRNA in the small sized cerebral artery. Note the 
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Figure 3.32 Control experiment using an irrelevant probe showed no hybridization 
signal in small sized cerebral artery. (20X) 
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Like in large-sized vessels, some labeling was also observed in the outermost 
tunica adventitia layer as shown in many of the above figures, but we were not able 
to determine the cell origin of these labeled structures, one possibility is that these 
structures may be the fatty tissue around the vessels. 
Although it was shown that Trpl, Trp3，Trp4, Trp5’ Trp6, Trp7 channels 
expressed in both large and small-sized vessels, the abundance between the Trp 
isoforms could not be compared as the riboprobes used are of different length. 
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3.3 Northern Blot Analysis of Human Trp5 RNA in Human 
Multiple Tissue Blot 
To further study the expression of Trp transcripts in other human tissues, I 
performed Northern blot analysis. Only the expression of TrpS was examined 
because the tissue expression of TrpS had not been studied in detail by other 
research groups. 
Each lane in human multiple tissue blot contained about 2 jug of poly A+ RNA 
isolated from eight different human tissues: heart, brain, placenta, lung, liver, 
skeletal muscle, kidney and pancreas. One transcript with molecular size of about 
4.4 kb was observed in poly(A)+ RNA isolated from all eight human tissues, i.e. in 
pancreas, kidney, skeletal muscle, liver, lung. Placenta, brain and heart. 
Among all the tissues, the hybridization intensity is relatively strong in 
pancreas, kidney, skeletal muscle and heart, but the signals in brain and lung were 
weak. Besides, another transcript of about 1.8kb was detected in pancreas, kidney, 
liver and heart. 
Although there were two strong signals of 0.8 kb and 0.5 kb transcripts 
detected in pancreas, liver and heart, but probably they were partially degraded 
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Figure 3.33 Northern blot analysis showing the expression of Trp5 in various human 
tissues. 
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Chapter 4: Discussion 
4.1 Co-expression of Trps in Vascular Tissues 
The overall aim of the present investigation is to examine the expression pattern 
of Trp channels in human vascular system using the technique of RT-PCR, in situ 
hybridization and Northern blot analysis. Although increasing number of data have 
demonstrated the presence and localization of various Trp genes in different tissues, 
there is still little information concerning the expression of these channels in human 
vascular system, especially on the issue of co-expression of these channels in human 
vascular tissues. The present study demonstrates the co-expression of at least six 
subtypes of Trp genes in human vascular cells by using RT-PCR and in situ 
hybridization techniques. In addition, we have also investigated the expression 
pattern of one specific Trp gene, TrpS, in various human tissues by using Northern 
blot analysis. 
4.1.1 Expression of Trps in Endothelia 
With the use of RT-PCR, we have detected the existence of up to six subtypes 
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of trp genes in a human coronary artery endothelial cell line, the HCAEC 5286. 
These include Trpl, Trp3’ Trp4, Trp5，Trp6 and Trp7. 
In coherent with this, in situ hybridization of human coronary artery, cerebral 
artery and some small sized vessels of the cerebral vascular system with antisense 
riboprobe of Trpl, 3-7 also demonstrates the existence of these six Trp homologues 
in endothelial cells. The co-expression of different subtypes of trp mRNA in a single 
cell type suggests that these isoforms may form heteromultimers in the endothelial 
cells. 
4.1.2 In Smooth Muscle Cells 
We are also able to detect, by in situ hybridization, the expression of Trpl, 3-7 
subtypes in the smooth muscle cells of human coronary artery, cerebral artery and 
the small-sized cerebral vessels. These results suggest that, apart from non-excitable 
cells, excitable cells are also expressing the Trps as well. 
118 
Chapter4: Discussion 
4.2 Trp Channel and Store-operated Channel in Endothelial 
Cells 
It is known that in endothelial cells and other non-excitable cells, calcium 
influx is tightly coupled to the depletion of calcium stores. The channel responsible 
for this calcium influx is called the store-operated channel. (Parekh et al., 1997, 
Davis et al., 1997，Tran et al., 2000, Himmel et al, 1993, and Rink et al., 1990) 
Although the molecular identity of the SOC is not yet confirmed, much of the efforts 
are focusing on the potential candidate, the Trp gene. 
There was one report linking Trp to endothelial SOC. It was reported that IP3 
-mediated depletion of calcium stores in human umbilical vein endothelial cells was 
associated with a non-selective cation conductance that was eliminated by 
expression of an N-terminal domain of TrpS. However, the report was unable to 
demonstrate a significant increase in IPs-induced inward current in the cells 
transfected with Trp3 when compared to the control cells. (Groschner et al., 1998) 
The expression studies of these Trp channels so far generated rather 
contradictory results. One of the possible reasons for the discrepancy is that different 
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Trp isoforms may co-assemble to form heteromeric channels. It is possible that 
endogenous store-operated channel may be a Trp heteromultimer since many cell 
types express multiple Trp genes (Chang et al., 1997, Groschner et al., 1998, Moore 
et al., 1998，and Gracia et al., 1997). 
4.3 Heteromultimerization of Trps Subtypes 
Our finding demonstrates the co-expression of multiple Trp genes in a single 
cell type. This is in agreement with most other studies which suggests the existence 
of hetermultimeric Trp channels. One previous study had demonstrated that Trp and 
Trpl proteins could be co-immunoprecipitated from Drosophila photoreceptor cells 
and coexpression of Trp and Trpl could produce a distinct store-operated 
conductance. (Xu et al., 1997) A recent publication also reported that Trpl and Trp5 
proteins were coimmunoprecipitated from rat brain. Inaddition, heterologously 
expressed Trpl and Trp3 resulted in the formation of a cation channel that exhibited 
distinctive biophysical and regulatory properties. Based on these data, it is believed 
that hetero-oligomerization determined the function and physiological role of Trp 
cation channels in tissues that express multiple Trp isoforms. (Lintschinger et al” 
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2000) 
Since it is hypothesized that store-operated channel was made of different Trp 
combinations with varying ion selectivity and different forms of activation, models 
of secondary as well as quaternary structures of store-operated channels are 
proposed. (Figure 4.1) It is thought that, store depletion-activated vs. store 
depletion-independent SOC channels, and highly calcium selective vs. nonselective 
cation channels, were the differences that could be explained by the formation of 
different homo-multimeric or hetero-multimeric Tr/^-based channels. (Bimbaumer et 
al., 1996) 
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Figure 4.1 Models of secondary and quaternary structures of SOC channels and their 
subunits. SOC channels were hypothesized to be made of different Trps and/or 
different Trp combinations to account for SOC channel with varying ion selectivities 
and different forms of activation. The transmembrane topology chosen is arbitrarily 
based on that of voltage-gated K+, Na+ and Ca^ "^  channels. Other transmembrane 
topologies are possible and the model may need major revisions. The existence of 
multiple nonallelic genes encoding various Trp-related proteins, opens the possibility 
that there are either diverse homomultimeric or diverse heteromultimeric SOC 
channels that could account for the functional heterogeneity of SOC seen in different 
tissues and cells. SI to S6 represented the transmembrane segments and different 
colors represented different Trp proteins. (Picture adopted from Bimbaumer et al., 
1996) 
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However, our knowledge of the subunit composition of mammalian Trp 
homologues is still limited, many cell types express multiple Trp homologous, but 
whether they assemble into heteromeric channels is unknown. Besides, we cannot 
rule out the possibility that these genes may encode for the subunits of distinct 
channels in a given cell neither. Furthermore, it should be noted that potential 
subunits of SOC may not be limited to these six genes. Members belonging to the 
Trp family may be discovered in future. 
Another issue concerning the co-expression of these Trp genes is whether these 
subtypes are functionally similar or functionally distinct. If these subunits are 
functionally similar, they need not be co-expressed in the same cells unless 
functionally redundancy is allowed. If, however, they are functionally distinct from 
each other, then it is more likely that they should all be expressed in the same cell 
type. Although accumulating number of data have demonstrated that mammalian Trp 
genes are ubiquitously expressed, there is still no evidence that every tissue could 
express all the already known isoforms of Trp genes. (Refer to Table 1.2 in Chapter 1) 
Instead, it is reported that tissue- and cell-specific co-expression of multiple Trp 
forms were found in bovine arotic endothelial cells, Jurkat cells, red blood cell, 
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SK45 and HEK 293 cell. (Garcia et al., 1997) 
4.4 Northern Blot Analysis 
Bt Northern blot analysis using a 325 bp ribo-probe specific for human Trp5 
mRNA, we show that a transcript of about 4.4kb is highly expressed in heart, 
skeletal muscle, kidney and pancreas; to a lesser extend expressed in liver and 
placenta; and only weakly expressed in brain and lung. Besides, another transcript of 
about 1.8kb is detected in pancreas, kidney, liver and heart. According to the 
GeneBank database, human Trp5 transcript is about 5.8 kb. This discrepancy could 
result from tissue-specific transcription. Alternatively the two transcripts detected 
here could be the processed transcripts. There are also two strong signals of 0.8 kb 
and 0.5 kb detected in pancreas, liver and heart, but probably they were partially 
degraded RNA. In conclusion, our Northern blot data suggest that human Trp5 was 
highly expressed in heart, pancreas, kidney and skeletal muscle. 
As splice variants involving the coding region have already been identified for 
both Trpl and Trp4, it is likely that this phenomenon is widespread among 
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mammalian Trps. (Chang et al., 1997, Wes et al., 1995, Zitt et al., 1996, Philipp et al., 
1996，and Schaefer et al., 2000) It will then be important to determine whether 
alternative splicing within the Trp family has functional significance or has simply 
evolved as a mean to facilitate differential expression of functionally similar 
subunits in different cells. 
One previous publication reported the detection of a > 9.5 kb transcript in 
brain, (Sossey-Alaoui et al, 1999) which contradict with our data presented here. The 
discrepancies maybe due to the use of different probe and/or different experimental 
conditions. But it could also be caused by alternative spliced or tissue-specific 
transcription. The riboprobe we used in the Northern blot hybridization is highly 
specific for human TrpS based on the BLAST GeneBank Search. 
4.5 Potential Physiological Functions of Trps 
Drosophila Trp and Trpl have been well studied and it is known that they are 
involved in the visual transduction process (Montell et al., 1989, Phillips et al., 1992, 
Niemeyer et al., 1996, Xu et al., 1997, and Hardie et al , 1993), but regarding to the 
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specific endothelial functions governed by the Trp channels, information is rare in 
the literature. 
There are two publications from the same group of people reporting that the 
store-operated channel in pulmonary endothelial cells are in part composed of Trpl 
because they only find the expression of Trpl in rat and human pulmonary arterial 
endothelial cells. (Moore et al., 1988) 
In salivary gland cells, the release of calcium from the intracellular store(s) 
triggers a transient increase in intracellular calcium and fluid secretion. Sustained 
fluid secretion, however, is dependent on the influx of calcium from the extracellular 
medium. It is reported that expression of Trpla (a spliced variant of Trpl) triggeres 
the increase of thapsigargin-elicited calcium influx up to 3 to 5 fold. In consistent 
with this, Trpl is expressed in the acinar and ductal cells in intact rat submandibular 
glands. It is therefore proposed that Trpl may serve as a candidate protein for the 
SOC mechanism which plays a crucial role in the fluid secretion. (Liu et al., 2000) 
Expression of Trps in excitable cells is mostly reported in regions of brain, 
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including neurons. (Table 1.2 in Chapter 1) Trp5 transcripts for example, are 
expressed in the pyramidal neurons of hippocampus, suggesting its participation in 
neuronal calcium homeostasis. (Philipp et al., 1998) Our present study also show the 
expression of Trp5 in human skeletal muscle. (Figure 3.33) Our findings together 
with evidence generated by others suggest the ubiquity of Trp channels, in both 
excitable and non-excitable cells. 
While store-operated calcium channels in neurons have been so far implicated 
to be involved in the migration of growth cones, little is known about its contribution 
to neuronal calcium homeostasis. (Philipp et al., 1998) One hypothesis is that in 
pyramidal neurons, refilling of ryanodine-sensitive stores requires a transmembrane 
calcium influx pathway that is active at the resting membrane potential. (Philipp et 
al., 1998) Presumbly, this calcium influx could be activated by depletion of 
ryanodine-sensitive calcium stores. (Philipp et al., 1998) This mechanism is 
analogous to the SOC activated by agonist-induced depletion of IP3 sensitive 
calcium store(s). 
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4.6 Trp Channels as a Therapeutic Target? 
Clearly, further studies are required for a more complete understanding of the 
function of Trp proteins. An important aspect of these studies will be to determine 
the existence as well as the cellular localization of various Trp proteins in different 
tissues. 
Concerning the future development of Trp proteins, its potential of being the 
novel therapeutic targets for regional blood pressure control has been proposed. 
(Schilling et al., 2001) Based on a finding that heterologous expression of murine 
Trp6 in HEK 293 cells reproduces almost exactly the essential biophysical and 
pharmacological properties of the ai -adrenoceptor-activated nonselective cation 
channel, it is proposed that Trp6 is an essential component of vascular 
ai-adrenoceptor-activated calcium permeable cation channel. (Inoue et al., 2001) 
Since ai-adrenoceptor is present on the surface of vascular smooth muscle cells, 
the catecholamines released from nerve terminals present in the adventitial layer of 
the vessel wall, will act on the ai-adrenoceptor. Stimulation of ai-adrenoceptor is 
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associated with activation of non-selective cation channels that allow calcium entry 
from the extracellular space. The increased intracellular calcium level will finally 
lead to a long lasting increase in smooth muscle contraction and mean arterial 
pressure. Therefore, although the molecular identity of the ai-adrenoceptor-activated 
calcium permeable channels in vascular smooth muscle has not been determined, the 
finding of Trp6 displaying highly similar properties of the (Xi-adrenoceptor-activated 
calcium permeable channels made it reasonable to propose that Trp6 may be an 
important target for new drug therapies directed at reducing smooth muscle tone and 
arterial blood pressure. (Schilling et al., 2001) 
4.7 Technical Aspects in the Present Studies 
It is noticeable, by the staining pattern in some of smooth muscle cells in the 
coronary and cerebral artery that the typical long and spindle shaped SMC seems to 
be distorted and the SMC is rather unevenly distributed in the tunica media instead 
of circularly disposed. (Figure 3.4, 3.6, 3.7; 3.18-3.23) This can be due to the 
distortion of the morphology of the vessels during the section preparation procedures. 
It can be noticed that some very long shaped cells are stained in the vessels. (Figure 
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3.23) It is not clear whether this is artifact or caused by tissue sectioning or they are 
indeed structurally distorted SMC. 
Besides, it should also be noted that the proportion of the labeled SMC is less 
than estimated. Both cerebral and coronary artery are regarded as muscular vessels 
in which SMC contribute about 35% to the overall composition of the vessel wall, 
but in our data, amount of the stained SMC seems to be less than this proportion. It is 
not clear whether some of the SMC are not stained or the staining on some of the 
SMC was to weak to be seen. 
Some labeling is also observed in the outermost tunica adventitia layer of the 
blood vessels, but we are not able to determine the cell origin of these labeled 
structures. One possibility is that these are due to the fat tissue around the vessels 
which give rise to the positive signals. 
In some pictures, the staining intensity of the endothelial layer in the 
small-sized vessel seems to be stronger than the endothelial layer in the cerebral 
artery or coronary artery. One possible explanation is that some of the endothelial 
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cells in cerebral artery and coronary artery may have been washed away. In addition, 
the endothelial layer contributes only around 5% to the overall vessel wall in larger 
vessels, it may give a false impression that the endothelial cells are less stained. 
However, when we compare the staining intensity of individual endothelial cells 
from large and small-sized vessels, no apparent difference can be noticed. Some of 
the darker staining could be due to the fact that there is higher percentage of positive 
staine. 
4.8 Conclusion 
In conclusion, our studies extend previous finding that Trps isoforms maybe 
co-expressed in some tissues and cell types. This is also the first report showing the 
expression of up to six subtypes of Trp genes in human vascular endothelial cells and 
smooth muscle cells. The co-expression pattern of Trps suggests the possibility of 
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